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Commencing on June 24 and concluding on July 3, 1957, the sub- 

committee conducted open hearings, which are included with this re- 
ort, concerning a decision of the Department of Air Force to aban- 

Son the criteria established August 16,1954, in agreement with this 
subcommittee. In that agreement, a 5 percent differential in favor 
of portland cement paving for airstrip runways and other areas was 
abandoned and specifications were provided for the alternate use in 
competitive bidding of portland cement and asphalt for runways 
and taxiways. 

The Air Force has represented, in the course of its testimony, that 
increased loads by reason of the “channelized” traffic (i. e., repetitive 
use of the same areas) caused breakdowns on taxiways and runways. 

Air Force, therefore, proposes that portland cement concrete be 
substituted as an exclusive material for these areas. For reasons 
which will hereafter appear, this will be an interim report. The 
subcommittee will not enter its final conclusions until the conclusion 
of the tests and the report and further hearing thereon. 

But while the subcommittee proposes to suspend final judgment, 
it is agreed that, on the evidence so far adduced, the necessity for 
the change in criteria is not so well established that Department of 
Air Force should embark upon an extensive portland cement build- 
ing program which would involve a substantial expenditure of money. 

The observation with respect to the tax money involved, is made 
because of the prospective testing, and opinions expressed with re- 
gard thereto as well as upon the generally admitted fact that asphal- 
tic concrete, in competitive bidding, results in substantially lower 
costs for material and installation. Therefore, we feel a period of 
cautious watchfulness is in order, pending these tests. 

We have heard representatives of the Asphalt Industry, the Port- 
land Cement Institute, several independent contractors and engineers, 
representatives of the Department of Air Force, and the Corps of 
Engineers, as construction agent for the Department of Air Force. 
The Corps of Engineers has come into agreement with the Depart- 
ment of Air Force that testing would be done with a view to maki 
more accurate determinations on the suitability and adaptability o 
=, concrete in certain areas. The situation for the moment is 
this: 

The Corps of Engineers takes the position that now it has a design 
of asphaltic flexible pavement which will take the load of the B-47. 
That load is on the order of 100,000 pounds per square inch. 

_ The Air Force disputes this to some extent, if not directly, at least 
inferentially, by pointing out alleged failures at certain fiel s where 
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increased loading and channelization of aircraft has allegedly caused 
breakdowns. A tabulation of these breakdowns and the cost experi- 
ences is a part of the record. 

However, in the bomber dispersal program which has been adopted, 
the issue now presented is what may be expected and what ought to 
be planned for in additional load for use and operation of the B-52. 
That airplane has a loading factor of 250,000 pounds or nearly 2% 
times that of the B-47. It is to that proposition that the attention 
of the subcommittee is directed. 

The Corps of Engineers announced its current findings as these: 
That it could build the interior portion (where channelization wear 
and breakdown is alleged to occur) out of asphaltic concrete today. 
But that applying a safety factor, it would propose to extend the 
rigid ends of these runway pavements in portland cement an additional 
500 feet over the presently accepted 1,000 feet. 

Its position with respect to the taxiway, is not as clearly stated and 
probably not as fully accepted. 

The Corps of Engineers point out that as en the end of the runways, 
and on taxiways, the problem is that of dealing with a fully loaded 
plane, whereas on the center portion of runways, the plane is partially 
airborne on takeoff and less heavy on landing. 

But as to taxiways, it was testified that “it is conceivable that a 
fairly narrow rigid strip, or fairly narrow strengthened strip—at 
the moment we agree with them (Air Force) it should be rigid— 
would be capable of doing it, with the remaining widths in the flexible 
pavement.” 

The Subcommittee was advised by exchange of letters bearing date 
of July 31, 1957, from the Corps of Engineers, and August 2, 1957, 
from the Department of Air Force, that an accelerated test has been 
agreed to which will test the Corps of Engineers design for channel- 
ized weights on runways. The correspondence is as follows: 


JuLy 31, 1957. 

Dear Mr. CHAIRMAN: In response to your instructions of July 8, 1957, to 
confer with Mr. John M. Ferry, special assistant for installations to the Secre- 
tary of the Air Force, and report back to your Committee relative to an agreed 
position with the Air Force on the pavement program on the interior portion 
of runways, I take pleasure in reporting the following: 

Mr. Ferry stated the Air Force position relative to the Corps of Engineers’ 
proposal in his letter to the Chief of Engineers dated July 30, 1957, as quoted ‘in 
the paragraphs below. 

“In view of the fact that we are continuing to have difficulties with asphalt 
pavements, we do not believe that we should adopt pavements of this material 
until it is conclusively demonstrated that an adequate design and adequate 
construction methods have been developed. Specifically, we will have paid a 
repair bill of approximately $10 million when the failures of asphalt pavements 
we know of today are repaired. To continue the use of asphalt pavements with 
the resultant cost to the taxpayers—in view of these facts—is not worthwhile 
until a more satisfactory asphalt pavement is developed. The failures of pave- 
ments, particularly on heavy bomber bases are serious in view of the fact that 
these critical airfields would be out of commission during the period of repair 
and have caused maintenance and operational difficulties in the aircraft. 

“Tt is requested that you proceed with an accelerated test as requested by 
Mr. Hébert on page 844 of the hearings. We request that a portion of the 
runway at Columbus, Miss., designed and constructed for B-52 use, be used. 
The test details will be conducted as agreed during a recent conference between 
the Air Force engineers and General Wilson of your organization. The.Air 
Force plans to employ one or more professional consultants to observe the per- 
formabeée and evaluate the results of the test so we will expect to work in close 
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cooperation with the Corps of Engineers during both the preliminary stages 
and the conduct of the field testing.” 

The Chief of Engineers has agreed to proceed with plans for conducting the 
accelerated traffic tests proposed in Mr. Ferry’s letter as expeditiously as 


possible. I will inform your committee periodically of the progress and results 
of this undertaking. 


Sincerely yours, 
W. K. Wi1son, Jr., 


Major General, United States Army, Deputy Chief of Engineers for 
Construction. 


Aveust 2, 1957. 

DeaR Mr. CHAIRMAN: This is to confirm my conversation, in your absence, 
pe Mr. John J. Courtney, special counsel of your subcommittee, on July 30, 
1¢ 7. 

The Department of the Air Force has come into agreement with the Corps of 
Engineers, Department of the Army, for conducting an accelerated traffic test 
on asphalt pavement. 

I am further advised that the Deputy Chief of Engineers has written to you 
on this matter which you will receive shortly if you have not received it to date. 

Sincerely yours, 
JOHN M. Ferry, 
Special Assistant for Installations. 


By another ee of correspondence, the chairman has suggested 
that the same test include observations with respect to the adaptability 
of design of asphaltic concrete for channelized traffic on taxiways. 
That correspondence is as follows: 

TuHourspbAy, Aveust 8, 1957. 

Dear Mr. Ferry: This will acknowledge receipt of your letter of August 2, 
1957, advising the subcommittee concerning an accelerated traffic test on asphalt 
pavement which you have proposed and which has been agreed to by the Corps 
of Engineers to occur at Columbus Air Force Base, Miss. 

I have also at hand a letter of Maj. Gen. W. K. Wilson, Jr., Deputy Chief of 
Engineers for Construction, in which a Department of the Air Force letter signed 
by you under date of July 30, 1957, is quoted. In the second paragraph of that 
quotation, I note this sentence: “We (Air Force) request that a portion of the 
runway at Columbus, Miss., designed and constructed for B—52 use, be used.” 

I want to call your attention to the fact that the subcommittee had also under 
consideration your proposed change in criteria for taxiways. No reason suggests 
itself why a test on taxiways could not also be made at the same time and place. 

The subcommittee appreciates your cooperation with it and trusts that the 
test will be promptly completed and the conclusions evaluated before tax money 
is spent on any appreciable scale on specifications and bidding which exclude 
alternate use especially in view of the acknowledged fact that asphaltic con- 
crete can generally be considered as substantially less in construction costs 
than concrete. 

I trust also that the subcommittee may be advised of the times of the tests 
so that perhaps an opportunity might be afforded for observation by its repre- 
sentatives. 

I am sending a copy of this letter to Major General Wilson. 

Sincerely yours, 
F. Epwarp Hésert, Chairman. 


THurRspAy, August 8, 1957. 

DEAR GENERAL WILSON: I thank you very much for your letter dated July 31, 
1957, on the proposed test of asphaltic-concrete design prepared by the Corps of 
Engineers to be tested at Columbus Air Force Base, Miss. 

I am enclosing a copy of my letter to the Department of the Air Force on this 
subject for your information and such advice as you may care to give thereon. 

The subcommittee is very appreciative of your prompt action in this matter 
and await the conclusion of the tests for your further advice. 
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Your undertaking to keep the subcommittee advised periodically is greatly 

appreciated in the public interest. 
Sincerely yours, 
F. Epwarp HésertT, Chairman. 

By far the greater volume of material, and therefore the greater 
cost, is involved in the runways. 

With this statement of our position and these observations with re- 
spect to the testimony thus far, the subcommittee makes this interim 
report and announcement of the text for scientific and technical con- 
clusions. Pending this determination, we repeat the caution previ- 
ously expressed concerning any extensive Air Force building pro- 
gram, excluding the less costly material and design alternate. 

When the hearings resume to consider facts developed in the test- 
ing, the subcommittee will also consider Navy Department criteria 
for its airstrip paving requirements, For the moment, the problem of 
the Navy does not appear to be as critical nor of the magnitude of 
the Air Force problem. 

Approved unanimously by the subcommittee, August 14, 1957; 
ordered printed and published. 

F. Epwarp Hésert, 
Chairman, Subcommittee for Special Investigations. 


Approved : August 14, 1957. 


Cari VINsoN, 
Chairman, Armed Services Committee. 
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MONDAY, JUNE 24, 1957 


House or REPRESENTATIVES, 
ComMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D. C- 

The subcommittee met at 10 a. m., the Honorable F. Edward Hébert, 
chairman of the subcommittee, presiding, with the following members 
oresent : Mr. Hess, Mr. ated Mr. Gavin, Mr. Fisher, Mr. Cunning- 
fiat Mr. Hardy, Mr. Bates, and Mr. Miller. 

Mr. Héperr. The committee will be in order. 

Members of the committee, the chairman desires to make the usual 
opening statement at this particular time. 

Early in 1954, under the chairmanship of my colleague, William E, 
Hess, of Ohio, this subcommittee of the 83d Congress conducted an 
inquiry into a premium of 5 percent given concrete pavement. over 
asphalt pavement on airstrip runways. 

At the conclusion of those hearings the subcommittee found that 
there was no evidence to justify that preference. 

On August 16, 1954, the Department of the Air Force discontinued 
the 5 percent differential and advised the subcommittee that: 

This is to inform you that we have completed a review of all available infor- 
mation from the field which has a bearing on the subject. While we are com- 
pletely convinced that 100 percent concrete paving has a definite advantage as 
compared to a combination of concrete in the critical areas and asphalt in the 
noncritical areas, we have been unable to collect engineering backup, as reflected 


by maintenance costs, to substantiate this view * * *. We have, therefore, 
suspended premium payments for cement concrete in noncritical runways. 


That part of the paragraph with the sentence : 


We have been unable to collect engineering backup, as reflected by maintenance 
costs, to substantiate this view, 
has been underscored by myself. 

But the matter was not to rest there. The ape any ms of Defense 
invited the Highway Research Board and the National Research Coun- 
cil to conduct a survey of 27 military airbases to determine “the effects 
of military aircraft on airfield pavements.” I may observe that gen- 
erally there has been agreement that concrete might be used exclusively 
in areas subjected to heat, blast, and fuel spillage. 

Our inquiries therefore have centered upon the alternate use based 
upon price competition of asphaltic concrete against cement on the 
runway areas, which, of course, comprise the greater volume of 
material. As to those areas, this research group found and reported 
to the Department of Defense that the differential in construction of 
these two “is frequently sufficiently great to justify the use of less 
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costly type in those noncritical areas where it is adequate and satis- 
factory.” 

Some time in 1955 cement was ordered exclusively on all “primary 
taxiways.” This proposal was incorporated in the fiscal year 1956 
Air Force program; but it was proposed to be done “pending com- 
pletion of tests.” 

On February 1956 the Chief of Air Installations advised the Appro- 
priations subcommittee on air paving that the Air Force was “essen- 
tially operating a concrete paving program especially in the United 
States. 

During the course of 1956, so far as the subcommittee is informed, 
substantially all of the previously established competitive criteria were 
abolished and for all practical purposes cement has been approved 
exclusively, notwithstanding the initial cost. 

Naturally, the protests have mounted. Congress, of course, is con- 
cerned with what is admittedly a substantial price differential be- 
tween asphalt concrete and portland cement in competition; and Con- 
gress is concerned, and this subcommittee is concerned with this deci- 
sion particularly, not only because of excessive cost but because of 
the rapidly changing techniques and requirements of the military 
weapons system. Therefore, we propose to spread upon the record 
all views relating to the choice to be made in a controversy of this 
kind where so much money is involved in the ultimate decision. 

It is not a decision that ought to be arrived at in secret. It is of 
vast importance to our economy and to an understanding of our mili- 
tary requirements that the whole subject be brought into the open and 
all factors weighed impartially. 

With that in mind, we will hear from the Department of the Air 
Force on its requirements, present and projected. We will hear from 
the military departments and their branches on their experiences and 
conclusions; and we will hear from industry, suppliers, and contrac- 
tors generally on their views concerning the proper choice to be made 
in the light of requirements and the availability and costs of 
materials. 

First witnesses will come from the Department of Air Force. A 
list has been supplied to the interested parties and to the press. And 
we will continue with this hearing day by day until all witnesses have 
been heard and until the entire problem has been threshed out in the 
open and made a part of the public record, in order that the American 
public might be informed of the position of all parties on both sides 
of this controversial question. 

Mr. Courtney, call your first witness. 

Mr. Courrney. Mr. Chairman, Mr. John M. Ferry, special assist- 
ant to installations of the Department of Air Force, representing the 
Secretary’s office. Mr. Ferry is known to the subcommittee. I have 

iven to the press a statement of his official position. Mr. Ferry, I 
alisive you have a prepared statement ? 
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TESTIMONY OF JOHN M. FERRY, SPECIAL ASSISTANT TO INSTAL- 
LATIONS, DEPARTMENT OF THE AIR FORCE; ACCOMPANIED BY 
GEN. AUGUSTUS MINTON, ASSISTANT CHIEF OF STAFF, INSTAL- 
LATIONS; COL. W. D. ALEXANDER, CHIEF, ENGINEERING 
BRANCH, DIRECTORATE OF CONSTRUCTION, AND COL. ROBERT 
R. CONNER, DIRECTOR OF CONSTRUCTION, ASSISTANT CHIEF OF 
STAFF, INSTALLATIONS 


Mr. Ferry. I have, Mr. Courtney. With the permission of the 
chairman, I would like to read this prepared statement, which effec- 
tively presents the views of the Air Force from an official point of 
view. With your permission, Mr. Hébert? 

Mr. Hézerr. You may proceed in that manner, Mr. Ferry. And I 
may suggest to the subcommittee, in order to expedite the matter, that 
they allow you to finish your complete statement, and make notes as 
to the questions they would like to ask you, after you have completed. 
So I will ask the cooperation of the subcommittee in that respect. 
You may proceed, Mr. Ferry. 

Mr. Ferry. Mr. Chairman, and gentlemen, in preparing this state- 
ment to your subcommittee, I have been guided by the letter of May 
4, 1957, signed by Mr. John J. Courtney, special counsel, which de- 
lineated six major items of particular interest to you. 

In presenting this information, I find it desirable to make a few 
general comments. We are prepared to give as much detailed infor- 
mation as the committee may care to hear and I have here a group 
of engineers and technical people ready to cite specific examples and 
experience. 

At the time of the 1954 hearings before your committee, you will re- 
call that one of the major problems facing us was that of design, con- 
struction and maintenance of satisfactory pavements from which 
modern military aircraft could be operated regularly for a reasonable 
length of time. This problem still faces us today, in fact, it has been 
rapidly increasing in severity as development of aircraft has pro- 
gressed. 

Consider the cost, in idle facility, equipment and personnel which 
results if a runway pavement fails and the operations must be shut 
down or temporarily relocated while repairs are being made. 

Some idea of its importance can be gained if we consider a single 
typical airfield, i. e., March Air Force Base. We have a total facility 
costing over $58 million to support $258 million worth of aircraft 
with a complement of over 9,000 military and civilian personnel. I 
might note that the pavement at this base did fail and such an inter- 
ference with operations did, in fact, take place. This was inconvenient 
and costly, but it would have a more important and far-reaching effect 
if this base were inoperative at a critical time of world crisis. From 
any point of view, we simply cannot afford to have marginal pave- 
ments jeopardize the Air Force mission in face of the potential threat 
of enemy action which can become a real threat within only a few 
hours’ notice. 

In order to understand what is happening, we should, recognize 
that during the past few years, the development of military air- 
craft has been phenomenal. Plane weights have increased with cor- 
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responding increase of unit loads on pavements, and the airplane tire 
inflation pressures have also been raised. These factors, of course, 
increase the severity of the effect of the aircraft upon pete The 
most modern aircraft have landing gears so arranged that the wheels 
(single or dual) trail each other successively—the tandem arrange- 
ment. This results in confining the pavement loadings to a relatively 
narrow width, longitudinally. This fact, coupled with the ability to 
operate along the center of the runway and taxiway by virtue of im- 

rovements to the planes, has developed what we call channelized traf- 
ke. that is, a concentration of wheel loadings over a relatively narrow 
width of pavement. Experience with this type of pavement loading 
is showing that the effect upon the life of the pavement is severe, far 
beyond our experience earlier with earlier airplanes. 

As these various aircraft characteristics have developed, our prob- 
lems of providing satisfactory pavements which would give a reason- 
able service life have increased in direct proportion. To compensate 
for the increased loadings, heavier pavement structures are required. 
This is, of course, more costly. 

Experience has shown that pavements which were satisfactory for 
the aircraft a few years ago are showing major distress today. Indeed, 
since the 1954 hearings before your subcommittee, there have been 
reported an alarming number of major failures in pavements. 

I would like to emphasize my next sentence. While rigid pave- 
ments are not free from problems, it is observed that there are many 
more cases of pavements of the flexible type which show the effects of 
channelized traffic of heavy wheel loads to a very serious degree, 

Of the bituminous pavements constructed since 1950 for light-load 
duty (25,000-pound wheel loads on 200 pounds per square inch tires), 
and heavy-load duty (100,000-pound gear loads on 200 pounds per 
square inch tires), 47 have had major repairs or replacement for the 
following reasons : 

(a) Taxiways and runways have been repaired and in some cases 
replaced because of the effects of chinnaalined: traffic of heavy aircraft. 

(6) Bituminous runway ends have been replaced with like capacity 
concrete pavements because of jet-engine heat-blast damage. 

(c) Jet fuel resistant seal costs have been applied to bituminous 
pavements in areas used for parking and servicing of jet aircraft to 
reduce the solvating effect of spillage of jet fuels and other petroleum 
derivatives. 

(d@) Asphaltic pavements have been overlaid with tar-rubber sur- 
faces to repair effects of fuel spillage and to prevent or reduce further 
damage. 

You will recall that at the conclusion of the 1954 hearings the rec- 
ommendation was made and followed by us, that flexible and rigid 
pavement construction be placed on an equal competitive bidding basis, 
except for certain areas which it was concluded were most susceptible 
to damage because of heat, blast, and spillage effects. The rapid de- 
velopment of the severe effects of aircraft mentioned previously has 
resulted in two major changes in Air Force criteria since that time. 

_ Namely, the requirement for rigid paving in channelized areas and 
in all primary use pavements. 

The term “primary use pavements” is defined as: 

_ (1) All paving areas on which aircraft are regularly parked, serv- 
iced, and maintained on preflight check ; ; 
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(2) All runways having length, width, and samnentaes to permit 
sustained use by combat or combat-support aircraft ; 

(3) Taxiways connected to paved areas defined above. 

These criteria have been based upon research and professional engi- 
neering judgment, which were exercised in attempting to find reason- 
able solutions to the increasingly severe deterioration of pavements. 

Accordingly, at the present time, with the approval of the Secretary 
of Defense and the knowledge of your subcommittee, portland cement 
concrete is specified for all primary use airfield pavements in support 
of combat or combat-support type military aircraft. 

Primary use pavements include aprons, taxiways, warmup pads, 
runways, calibration hardstands, washracks, and jet-engine runup 
areas. 

The Air Force does, however, specify asphaltic concrete for blast 
pads and stabilizing shoulders of aprons, taxiways—a word has been 
omitted in the statement, gentlemen—secondary taxiways and 200- 
foot-wide runways, as well as for roads within the base area. 

There have been, and will undoubtedly continue to be, exceptions 
to the basic policy where dictated by particular conditions. But, I 
repeat, these changes have been brought about by our experience 
with failures of flexible pavements. We have and are continuing to 
watch the service behavior of our airfield pavements, and the results 
of surveys from a large number of airbases are used as a basis for 
determining the adequate type pavement required to support our 
mission. 

I might note here that through our design and construction agency, 
we have conducted research and actual testing in an attempt to find 
a flexible pavement design which would produce a pavement which 
would withstand these modern loadings, but so far without success. 
In fact, all tests demonstrated the superiority of the rigid pavements. 

The recent changes in pavement criteria require closer tolerances 
in smoothness criteria, greater total thickness, more compactive effort, 
closer control of the gradation of base course aggregate, and of the 
aggregates used in the asphaltic concrete. While flexible paving is 
still cheaper than rigid, these factors have tended to increase the cost 
of flexible concrete pavements. The following table showing quanti- 
ties and costs for both types of paving will illustrate this statement. 

I ask that be included in the record, without reading the figure. 

Mr. Hésert. It will be included. 

(The table is as follows :) 


Heavy load rigid pavements 


Period 

















Square yards Total cost Unit cost 
February to October 1952___- dnc caine cde abak eee 3, 287,212 | $23, 500, 000 $7.14 
October 1952 to May 1953..-........--.-.....s-.-...22-.- essen 2, 463,631 | 17, 600, 000 7.15 
May 1953 to July 1954 saucsocepcnearacanderccancebbossthcl 70 aT an 7.07 
July 1954 to December 1955... -2.-=22-22-2-2- LL} 18,277,974 | 88, 400, 000 | 6.66 
Pelli iy ee Le aos.) | 26, 602, 026 | 183, 000, 000 6. 89 
December 1955 to March 1956.................___.._._._...__. "2 507,914 | 19, 100, 000 7.60 
March 1956 to April 1957_..................------.---.-.--..--| 7084, 744} 58, 400, 000 7.87 
ape % Ser —_—_—_——_—_—_—_—_—_— 
MBL Ok oto s Sl Bee ihe lit 9, 562, 658 | 72, 500, 000 | 7. 58 


94407—57 
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Heavy load flexible pavements 


Period 

















| Square yards; Total cost Unit cost 
en RD Ren et eet SIT eee, 

Peary bo Caper 2 ge 2k sk is i RTs 1, 046, 107 $5, 300, 000 $5. 09 

RY RO eos canwenenonscadies | 1,912, 315 6, 200, 000 3. 26 

May Obs 4o-oely 1954__.........- 2-22 e el 3, 340, 439 12,.600, 000 3.77 
sary epee spoommner. 1066... ot eased 8, 210, 360 29, 200, 000 3. 56— 

I irae). a os eed po bi oe oe rT oh 14, 509, 221 53, 300, 000 3. 67 
December 1955 to March 1956......___ ts ect at 1,169,695 | 6,300,000; 5.40. 

Sn ee ik eas conidia: winbbeihantatemanannit 247, 996 2, 300, 000 9. 40 


Mr. Ferry. Since December 1955, the average cost of heavy duty 
rigid pavement has been $7.58 per square yard while the average cost of 
heavy duty flexible pavement has been $6.08. The latter cost reflects 
two unusual jobs, one at Minot, S. Dak., and one at Eielson AFB, 
Alaska, which: inereased the cost of: flexible pavement. The percent- 
age increase in cost of rigid pavement since 1955 is approximately 9 
percent whereas the percentage increase for flexible pavement has been 
approximately 30 percent. 

The new heavier load bearing designs have not been in use long 
enough to establish a comprehensive determination of the overall in- 
crease in paving cost when both first cost and annual maintenance ex- 
pense are taken into consideration. The indications are, insofar as we 
have been able to observe, that in the long run the rigid paving will be 
no more expensive and certainly far more satisfactory in performance 
than any flexible paving designed to date. 

In conclusions I should like to repeat: modern. heavy bombers have 
forced us to increase our heavy loading criteria from 100,000 pounds 
on dual wheels 240,000 pounds on twin-twin gear and design for load 
passes up to 30,000 or an estimated 20 years of life. Also, due to the 
gear configurations and balance of the aircraft, we must require pave- 
ments to be more accurately controlled with respect to grade and sur- 
face smoothness. To amplify this, I call attention to the complex 
navigation, communication, and bombing equipment, largely elec- 
tronic, using relatively delicate amplifying tubes now an essential part 
of both bombers and fighters. 

During the takeoff and landing runs, if the paving is not smooth 
and fairly level, the planes start to sway up and down, what we call 
porpoising which can and does knock tubes out of operation and in- 
capacitates these essential parts of the plane equipment. 

In closing, I am most anxious the committee have full assurance 
that the Air Force attitude on pavement design is not the result of 
prejudice, or arbitrary decision on the part of any person or group in- 
volved in formulating design. 

We believe it to be a well considered position, arrived at over a long 
period of study and based on experience and engineering judgment. 
It is a position we are firmly convinced will operate in the best inter- 
ests of the Air Force and of the United States Government. 

And I have attached hereto a list of the Air Force bases at which 
major repairs and replacement of asphaltic concrete or overlays have 
been accomplished. 

(The list is as follows :) 
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List of Air Force bases at which major repairs and replacement of asphaltic 
concrete has been accomplished 


Repairs channel- Replacement Bituminous JFR_ sealeoat bit- | Tar rubber overlay 





ized traffic channelized traffic R/W ends pavement jet fuel on bit-pavement 
replaced splge 
Pinecastle Davis-Monthan Davis-Monthan Oxnard Presque Isle 
MeDill Homestead Selfridge Dow 
Castle Pinecastle Hunter Elisworth 
Mountain Home Benguerir Loring Travis 
Walker Boulhaut Mountain Home Biggs 
Biggs Wheelus Travis MeDill 
Fairchild Nouasseur March Lajes 
March Kindley Biggs Andrews 
Dover Dow. 
Truax Ardmore 
Sidi Slimane Webb 
Altus Williams 
Scott 
Andrews 
Dover 
Palmbeach 
Eielson 
Ladd 


Mr. Ferry. I am at your disposal, gentlemen, and will attempt to 
answer with reasonable intelligence any questions you may care to 
address to me. 

Mr. Hépserr. Thank you very much, Mr. Ferry. There are just 
1 or 2 questions I would like to ask. 

At the top of page 3 in which you refer to the major failures in 
pavements and then say : 


while rigid pavements are not free from problems it is observed that there are 
many more cases of pavements of a flexible type which show the effects of chan- 
nelized traffic of heavy wheel loads to a very serious degree. 

The failure of your paving in areas which are called critical is 
greater than in the areas where the asphalt, the flexible paving cov- 
ering, was used in the noncritical areas, do I understand that to be 
your statement ‘ ' 

Mr. Ferry. That was not my intent to convey, sir. What I was 
trying to say: In critical areas where we have had asphaltic concrete 
as compared with the portland' cement concrete, the frequency of 
trouble with the asphaltic concrete has been far greater than with the 
portland cement concrete. 

Mr. Hésert. The point that I would like for you to elaborate on 
and explore for the committee is the net failure—in other words, if 
you are making a comparison between the failure of the flexible and 
the nonflexible covering, do your failures oceur in proportion to your 
critical areas, as compared to the failures on your noncritical areas? 

In other words, the failures of asphalt that you described. Are 
they confined to noncritical or critical : areas ¢ 

Mr. Ferry. They are not confined, sir, but the effect has been ap- 
parent to us and troublesome to us in the critical areas. I would 
like to elaborate on that at your suggestion, particularly in taxiways, 
where the planes are communicating in a relatively narrow channel 
between the parking areas, parking : servicing areas, and the runway 
ends. 

We have found there a very serious deterioration of flexible type 
taxiways with channelized traffic. 
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Mr. Heserr. You have not found that where you use the concrete 
or the portland cement ? 

Mr. Ferry. We have had trouble, sir, where we have used con- 
crete, but the frequency of the trouble has been far less with the con- 
crete runways—taxiways. 

Mr. Hézerr. I am sure the members will explore that further. I 
just wanted that in the record. 

Mr. Ferry. Right. 

Mr. Héserr. There is just one other comment I wanted to make 
The term “primary use pavements”: You don’t leave anything out 
of primary-use pavements, do you ? 

Mr. Ferry. No. 

To be truthful, we are with you. We consider all of our runways 
to be primary use pavements. There are such things as out to a hard- 
stand, perhaps. 

Mr. Hépert. So in reality you are making everything critical and 
the use of the word “primary use pavements” does not indicate that 
there are other areas where you have any appreciable amount of 
asphalt covering. 

fr. Ferry. I think that is a fair statement, sir. 

Mr. Hésert. It could have really been left out, so we would know 
what we are talking about. 

Mr. Ferry. Except I do want to bring out that we do it on secondary 
taxiways, and on roads—— 

Mr. Hesert. Which are unnecessary. 

Mr. Ferry. The road feature is not negligible, sir. We have quite 
a bit of roads on an airbase. 

Mr. Hépert. Yes, but we are not talking about transportation roads. 
We are talking about roads used for aircraft. We want to get it very 
clear what we are talking about, and not have any misleading language 
in here, which I am sure it is not your intent. 

Mr. Ferry. Yes, sir. 

Mr. Héserr. And in the next paragraph I want to clear up another 
thing. You say: 

Accordingly, at the present time, with the approval of the Secretary of Defense 
and the knowledge of your subcommittee, portland cement is specified for all 
primary use airfield pavements in support of combat or combat support type mili- 
tary aircraft. 

I am sure you do not want teteave the impression in that statement, 
in indicating that this was done with the knowledge of the committee, 
that it had the approbation or approval of the committee. 

Mr. Ferry. No, sir; I do not want to convey that intention at all. 

Mr. Héserr. As a matter of fact, the committee had nothing to say 
about it, and the committee was not consulted on it, and the committee 
was merely told of the change in criteria following its agreement of 
the committee under Mr. Hess’ jurisdiction. 

Mr. Ferry. I have to agree, sir. 

Mr. Héverr. That is right, sir. We understand that you don’t in- 
tend by the use of the words “knowledge of your subcommittee” to 
indicate that we agreed on anything you did. 

Mr. Ferry. I do not, sir. 

Mr. Hess. Mr. Ferry, I would like to refer to page 5 of your pre- 
pared statement and some of the figures which you set out there. Of 
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course, the previous hearings were held in early 1954, and the report 
was made, I think, in the spring of 1954, the report by this committee. 

I note there that the unit cost of heavy load rigid pavements began 
to drop from July 1954 to December 1955, and it dropped considerably, 
from $7.07 a unit to $6.66 a unit. Do you think that probably the com- 
mittee action had any bearing on that? 

Mr. Ferry. I would doubt it, Mr. Hess. I think it was just at that 
time a condition of the contracting market, that the fellows were 
hungrier for work. 

r. Hess. I note also at about that same time that the heavy load 
flexible pavements were dropping, but not in the same amount. There 
was just a small drop there. 

Then I note a little further down that the flexible pavement from 
March 1956 to April 1957 has increased to $9.40 unit cost, which is 
almost $2 in excess of the unit cost for heavy load rigid pavement. 

Mr. Ferry. I explained that, sir, in my subparagraph below. I 
wanted to specifically, in order that you would have all the facts that 
are available, to say that these were built at a very high cost in a diffi- 
cult construction area. Frankly, I don’t think those are typical or 
representative of modern flexible type paving, but were the only figures 
we had to fill out this record. 

They were built in Alaska and at Minot, N. Dak., where weather 
conditions and the working conditions—you have a short season— 
made for an expensive and costly type of airfield construction, either 
asphaltic or concrete. 

r. Hess. If those two bases were eliminated it would probably 
give a clearer picture of the unit cost. 

Mr. Ferry. I think so. Those were the only figures we had of new 
paving that we could put to you. 

Mr. Hess. They were the only figures ? 

Mr. Ferry. That is right. 

Mr. Hess. I note also now the average of the flexible against the 
rigid there is about a 20 percent differential. 

Mr. Ferry. That is our latest figure. 

Mr. Hess. That differential has increased since the hearing in 1954, 
hasn’t it? 

Mr. Ferry. Yes, sir; it has. 

Mr. Hess. I believe it was 10 percent at that time. 

Mr. Ferry. It was. 

Mr. Hess. I think that is all. 

Mr. Rivers. Mr. Ferry, in your statement you mentioned the fact 
that SAC planes—and we are primarily dealing with SAC statistics. 
Because I noted the bases you give here are practically—every one I 
recognize is a SAC base. 

Mr. Ferry. Many of them, sir. 

Mr. Rivers. These two-hundred-thousand-odd wheel loads: Where 
you build the rigid runways, it follows that the thickness—I meant 
to say the nonrigid runways, or the flexible runways, where you build 
them, have to be thicker. Just like the highways we see built out 
here all over the place. 

Mr. Ferry. Yes. 

Mr. Rivers. In my part of the world we don’t build any concrete 
highways. And you know we have the best roads in the United 
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States. We don’t even have a speed limit. We have a minimum 
limit. You can’t even drive less than 40 miles an hour in my country. 
All of our roads are made of asphalt. 

But I noticed down where I come from we have to continuously 
build them thicker and thicker. 

Mr. Ferry. Yes. 

Mr. Rivers. It even takes longer to build them. It takes much 
longer to build a highway in my country than it used to, when they 
built them out of concrete. They flatten them out and pour the con- 
crete and go on out about their business. 

Now, they put the thing down, roll it, plow it up again and roll it, 
and do that forever. It looks like the old WPA project, where they 
swept up leaves and then spread them out again. 

r. Ferry. Mr. Rivers, it stimulated a thought. 

Mr. Rivers. Yes. 

Mr. Ferry. That the wear on a pavement is dependent not only on 
the weights which are placed upon it, but the frequency with which 
this weight goes over the road. 

So in your case, there you are getting heavier trucks than you used 
to have, and you are getting heavier traffic surely, as the years go by, 
the same as we have in airfield pavements. 

Mr. Rivers. In a flexible runway, you say the longevity of a rigid 
runway naturally is longer, that is, the life of it is longer. But I 
notice Mr. Hess brought out there the unit cost of the heavy duty 
flexible is just about a dollar and a half less than the rigid. 

Mr. Ferry. That is right, sir. 

Mr. Rivers. About $1.50 less. 

Mr. Ferry. Yes. 

Mr. Rivers. And that thing approximates more and more as you 
go along, the heavy duty flexible as against the heavy duty dn 

Mr. Ferry. There will always be a differential in my judgment in 
favor of the flexible. 

Mr. Rivers. Coming back to your statement, as a result of that cost 
plus the maintenance and the longevity over a given number of years 
on a given runway, which would be the cuanet 

Mr. Ferry. I wish I had figures to substantiate what I am about to 
say. I do not have the figures. All I can say is that it is the best 
judgment based upon relatively short experience with these heavier 
airplanes, that the cheaper long-run result, both in dollars and in satis- 
faction, will be with the rigid paving. 

Mr. Rivers. Now you talk about the porpoising. I live in a coun- 
try where they have porpoises. They are always going down and 
coming up like this [indicating]. Is it possible to build a flexible run- 
way that doesn’t have the porpoise characteristics in it ? 

Mr. Ferry. Yes, sir; but it is difficult. It can done. 

Mr. Rivers. I never saw it. But you can build a rigid one that 
does not have it? 

Mr. Ferry. We can, sir; it is simpler to do it with concrete. 

Mr. Rivers. But it is just about impossible to build one? 

Mr. Ferry. No, sir; you can do it. It means very careful control, 
very good inspectors in the field—it can be done. 

Mr. Rrvers. I have seen Sidi Slimane and I have seen Nouasseur, 
which you have here-—— 
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Mr. Ferry. We don’t find it very often, but it can be done, Mr. 
Rivers. I am trying to be completely objective in my conversations 
with the committee. It is possible. 

Mr. Rivers. I want to ask you this. Since we have this other con- 
cept of dispersal which makes all airbases available to SAC planes, 
you are going to have to come to 1 of 2 conclusions. You are going to 
either have to build all like you are building these SAC bases or do 
without the dispersal if you don’t use more concrete ? 

Mr. Ferry. Mr. Rivers, you put your finger be the very essential 
heart of our thinking today. The Air Force is by the very nature of 
its requirements completely flexible and must have the ability to put 
our heavy planes down at any place in time of war. 

Mr. Rivers. At our field at Charleston, we extend the runways now 
about 3,000 feet, or our 7,000-foot runway, and it presents: quite a 
problem to extend it. Now, that has the critical‘ends paved, becanse 
we have an ADC unit there. 

Mr. Ferry. Yes, sir. 

Mr. Rivers. The critical ends are paved. The taxiways aren't 
paved. 

Mr. Ferry. Yes. 

Mr. Rivers. Neither are the parking aprons paved. Because it is a 
MATS base. 

Mr. Ferry. Yes. 

Mr. Rivers. When you get to that extending thing, and when you 
disperse planes from down in Hunter, Ga., or some other SAC base, 
then you are confronted with another problem, under your testimony. 

Mr. Ferry. Yes. 

Mr. Rivers. It looks like to me we are getting to the point now where 
if we are going to use flexible runways for these increasingly heavy 
planes, one of these days, the costs are going to run into each other and 
cross, 

Mr. Ferry. I wish we had an answer to that, sir, but I have no 
figures to show it. All I say is that we have not yet been able to design 
a flexible paving which will take over a long period of time these heavy 
— loads. We don’t know—I don’t know how to do it, nor do my 
people. 

Mr. Gavin. At that point will the gentleman yield? 

Mr. Rivers. Yes. I fond one other question. 

Mr. Gavin. I just wanted you to yield at that point. 

Mr. Hésert. Go ahead, Mr. Gavin. 

Mr. Gavin. What progress is being made on your studies on this 
flexible pavement to develop a technique whereby you can develop a 
flexible pavement to withstand the continuous traffic of heavy aircraft 
like the B_52's? What progress are you making on that ? 

Mr. Ferry. We are making progress with the Corps of Engineers, 
as our design and constructing agency and our advisers on technical 
progress. They have a laboratory out at Vicksburg where they are 
running a series of tests on a number of combinations and designs of 
both concrete and asphaltic pavings, with and without reinforcing 
a 

They are constantly working with a group of very competent peo- 
ple. indeed—believe me when I tell you this—to try to develop an 
asphaltic pavement that will stand up. 
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I refer now to what is commonly known in this controversy as the 
Kelly test, where we built a concrete and an asphalt test strip to the 
best design that we knew how to do for both, and we ran a simulated 
test across there by pulling a loaded truck having B-52 wheels on it 
with a tractor. We pulled it back and forth. We built both the 
concrete and the asphalt in a continuous strip, in order that they 
would have the same test conditions. It was built the best way we 
knew how. But unfortunately the asphaltic did not stand up in a 
satisfactory condition. The concrete did. 

Mr. Rivers. It looks to me like regardless of our feeling for the 
economies at the moment, the claims of the asphalt industry—and I 
have refineries in my town and they are building another one—that 
if the asphalt can’t meet the competitive long-range tests, it has no 
business there. 

Mr. Ferry. Mr. Rivers, I believe they might be able to do it. 

Mr. Rivers. I don’t know about that. I am just talking about it. 
But if they can meet it, they have their place under the sun. But if 
you are going to keep on building planes so heavy that the mainte- 
nance of asphalt—it is more subject to the elements than anything 
else. There is nothing else on earth hotter than a hot asphalt run- 
way. I don’t care what they say. I have been on both of them. I 
can’t give you any analogy, but I will give it to you afterward. 

If they can’t stand the elements with the wear and tear of the ter- 
rific per unit weights, they have no business there. And if they can’t 
ten it over the years, as against 20 years, without constantly main- 
taining them, they have no business there. 

Tam finished. 

Mr. Ferry. Mr. Rivers, you and I see eye to eye on this matter. 

Mr. Gavrn. In this test you are talking about, you are talking about 
now the strength of the runways and what they will stand. What 
kind of test have you when a B—52 comes in for a landing, and that is 
the impact when it hits that concrete or hits that asphalt? How are 
you approaching that angle of it? 

Mr. Ferry. Curiously enough, Mr. Gavin—and this is something 
I think that is not too well known—the heaviest load is when the plane 
i ,olling on ground, rather than the impact when it is coming in. 
‘when it is coming in it is partially airborne. Part of the weight is 
being carried by the wings. The real heavy part of this job is 
when they just roll in on the ground. 

Mr. Gavtn. Yes: but supposing you are in an-area where you have 
terrific heat, the climate affects it and the asphalt is soft. I am a 
layman. Iam just listening now. I was wondering—thevy are coming 
in for a landing now on soft pavement. What is the impact when 
it hits asphalt under terrific heat ? 

Mr. Ferry. The asphalt industry has developed a high-temperature 
asphalt that stands up, as far as temperature is concerned, reasonably 
well. 

Mr. Gavin. Isthatso? 

Mr. Ferry. You get skid marks, sure, but I mean it is not primary 
damage. 

Mr. Gavin. Isthatso? It is interesting. 

Mr. Rivers. Would the gentleman yield right there? 

Mr. Gavin. I will yield. 
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Mr. Rivers. You mean to say that they have an asphalt runway 
that is just as resistant to heat as concrete ? 

Mr. Ferry. No, sir; I didn’t say that. I said that it could stand 
up with the high-temperature asphalt, which the asphalt industry 
has developed—it stands up quite well under the normal sun 
temperatures. : 

Mr. Fisner. Mr. Chairman, as usual, I will be very brief with mine. 

Mr. Héserr. You set a good example, Mr. Fisher. 

Mr. Fisuer. I was interested in Mr. Rivers’ questions and the sub- 
ject he explored there. It is something that 1 had in mind going 
into a little bit. 

You put a great deal of emphasis on the weight situation that has 
developed with modern aircraft—the B-52’s, 47’s, and so forth. 

Mr. Ferry. Yes. 

Mr. Fisuer. As one of the reasons for the rigid-type airways being 
preferable to meet that weight situation. 

I was going to ask you if in view of that there isn’t some area 
there for extension between the requirements in SAC and in the 
Air Training Command, for example, for the runways? In other 
words, could you develop a different criteria for the planes that 
use them that have less weight than with the big ones? 

Then, of course, you spoke of a dispersal program, which may be 
your answer tothat. Is that correct ? 

Mr. Ferry. It is in part an answer to it, sir. 

Were we building a base that was a pure training base and it 
would be used for nothing but light planes, I think we would design 
asphaltic concrete down there, were it not for the fact that we today 
with this business of SAC dispersal are moving planes by squadron 
all over the United States—not only the 52’s but the wings of B-47’s— 
in a process of great flux of assignment of Air Force planes today. 
And frankly, I think it is a mistake to assume that you would build 
any new base today that doesn’t have the versatility to take anything. 

Mr. Gavin. Doesn’t have the virtue of what? 

Mr. Ferry. Have the versatility to take anything. 

Mr. Fisuer. And that is your practice at this time, or your policy? 

Mr. Ferry. Yes, sir. 

Mr. Fisuer. If you build a new airstrip or new pavement for Air 
Training Command, to do ordinary training in jet training planes, 
you use basically about the same type of paving you would in a 
heavy SAC base; is that correct ? 

Mr. Ferry. Except fer this difference, sir, that I would design it 
for 100,000 wheel load on twin wheels rather than 240,000 pavement 
on dual wheels or tandem wings. Because I point out as I pointed 
out before, it is not only the weight but the frequency with which it is 
imposed. Hence, if it were not going to be regularly used by heavy 
planes, the 100,000 pound pavement is probably sufficiently heavy and 
more economical. 

Mr. Fisner. That is all, Mr. Chairman. 

Mr, CunnineHam. Mr. Chairman, I would like to ask Mr. Ferry a 
question or two. 

Some 3 or + years ago before Mr. Rivers’ subcommittee, the Air 
Force, as I recall, came up and asked for approval authority to extend 


the runway at the Offutt Air Foree:Base:at Omaha, and:also to 
strengthen it. 
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Mr. Ferry. Yes. 

Mr. Cunnincuam. The reason given was that a service plane or 
defense plane landed there—I believe it was an emergency landing. 
While taxiing down the runway, the wheel dropped through or low- 
ered on the runway, the plane tipped over and caught fire and every 
serviceman on there was burned to death. 

With that thought in mind, I wonder if the cost factor shouldn’t 
be considered in the value of lives? Our primary purpose here is to 
save tives and save valuable material. As I see it, there is no second 
best for the serviceman. 

I don’t recall whether the testimony showed that that runway 
where the wheel dropped through was asphalt or cement. My recol- 
lection is—my ne is that it was cement. I wonder if you have 
any figures to show the actual serious accidents on the airfields 
throughout the country, a comparison with the amount of asphalt 
runways and the amount of cement runways, what the percentagewise 
in relation to the: amount of serious accidents» has n, and also 
whether or not when you get into this heat and cold question there 
are any figures to show the difference between accidents on a cement 
runway or airfield and an asphalt one, if you have them, in the islands 
and in the cold countries like Alaska. 

I wonder if we have that information available. 

Mr. Ferry. I do not have it available, Mr. Cunningham. It is pos- 
sibly in our air safety records branch that such a breakout might be 
made, though I do not know of its existence today. 

Mr. CunntNenam. I recall—this was a good many years ago, some 
25 or 30 years ago, in driving over the continental divide in Colo- 
rado, it was all gravel. You get up so high, there was no concrete and 
there was no asphalt. In asking a question why didn’t they asphalt it 
up there, they said, “In months in the summertime it got so hot, if 
they had to asphalt it it would run and buckle up.” I received the 
same information once when I was chairman of the roads commit- 
tee. I went over the Alean Highway. That is why it wasn’t used 
there. Of course, they said cement couldn’t be used at all up there. 
I just wonder if w¢ are getting to the bottom of this from the stand- 
point of what will.save the most number of lives for the servicemen 
and be the best for the country. I don’t think it is a question of cost 
between one and the other primarily. I think the primary objective 
that this committee has is to save lives of American servicemen par- 
ticularly. 

Mr. Ferry. Mr. Cunningham, I much appreciate the expression of 
your feeling on that. Though I do not have any figures which I could 
present, I will attempt to develop it. 

Mr. CunnincHAm. Let me give you one observation which is pretty 
old. This again goes back 20 years. I happen to live in a town where 
we have one or more cement factories and also quite an asphalt indus- 
try. And it has been a running fight as long as I can remember in 
that town since they had various kinds of pavement. For many years, 
and I think probably yet, there is as much asphalt paving in the city 
as there is concrete. Now this is my personal observation. After a 
real hard winter, for a month or 6 weeks, having below freezing and 
lots of snow, and it melts, apparently there are holes from 1 to 2 and 
3 feet in diameter all over the city, and the asphalt would just disap- 
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pear. It would disintegrate. There is damage also to the cement, but 
not the same way. 

Mr. Ferry. Yes. 

Mr. CunNiNGHAM. Now have you had those experiences. 

Mr. Ferry. That is exactly our experience, sir. We find that we 
have far more maintenance and far more problems of disintegration 
of the flexible type pavement. 

Mr. CunntneHam. Now, I want to say in fairness to the asphalt in- 
dustry this was some years ago and they probably have perfected their 
product. so those things don’t happen today, I don’t know. 

Mr. Ferry. I point out to you today in talking about the effect of 
heat on asphaltic pavement, that the asphaltic institute have done a 
very good job of developing a high temperature asphalt that does not 
run like the old asphalt, or what we called tar pavements years ago. 

Mr. CunninecHaM. But they have one now where it won’t run, say 
in 100-degree heat, or 95 ? 

Mr. Ferry. Actually, sir, at this Kelly test, we took temperatures 
there of 140 degrees on the surface of the asphaltic and concrete run- 
ways. There was a little softening, but it didn’t run. It was a little 
soft, but it wasn’t bad. 

Mr. CunnineHAM. Now as a matter of fact, cement doesn’t run at 
all, does it ? 

Mr. Ferry. Not at all. 

Mr. Harpy. Mr. Chairman, the thing that bothers me about the 
kind of testimony we are getting from Mr. Ferry is that it strikes me 
to be a rather unengineering approach. 

Now, Mr. Ferry has given us a lot of information which may be 
perfectly valid, but apparently they based all the decisions on judg- 
ment rather than on any development of fact. 

Now a question was just raised by Mr. Cunningham. Mr. Ferry, as 
I understand it, said we have had far more failures and far more prob- 
lems with the flexible paving than we have with the rigid. 

Well, now, I think if that is the case—I understood you to say that, 
Mr. Ferry. 

Mr. Ferry. Yes. 

Mr. Harpy. If that is the case, there ought to be some figures to 
back it up. 

Now I haven’t seen any-figures to back that up, and I notice that 
on page 3 of your statement—Mr. Hébert referred to it earlier—in 
the first paragraph that is complete on that page you said, “Of the 
bituminous pavements constructed since 1950’—and I will skip your 
parenthetical statement in there—‘47 have had major repairs or re- 
placements for the following reasons.” 

Well, you don’t make any comparison with your rigid pavements 
that were constructed during the same period and to essentially the 
same type of specifications, and without some comparisons this thing 
doesn’t mean anything to me. 

Mr. Ferry. Mr. Hardy, I could have given a long engineering dis- 
sertation, but I felt it was probably more of general use to have given 
general comments, as I said in the beginning. 

Mr. Harpy. But when you make a statement like that, and when 
in response to questions that have been raised by other members of the 
committee the only thing you say is, “this is our judgment; we don’t 
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have the facts,” and you made that. statement Ill bet a half dozen 
times during your testimony here this morning. 

Mr. Ferry. I don’t think I said, Mr. Hardy, we do not have the 
facts. I said we do not have the cost figures on the cost of mainte- 
nance of fields. I have behind me here a group of engineering officers 
who are familiar with this, who have data which we can produce to 
you. 

Mr. Harpy. Let me say this to you. If you have facts to back up 
your position, I am perfectly willing to go along with you. But I 
haven’t seen any evidence of them. And, as a matter of fact, the in- 
formation that we had here previously—it seems to me the factual 
presentation was in favor of asphaltic concrete rather than in favor 
of your rigid concrete. I don’t know which is which. But when you 
come up here with generalities and make decisions based on judgments 
os engineering support of it, I get suspicious of what 1s back 
of it. 

Mr. Ferry. I would understand thoroughly if that were the case, 
Mr. Hardy. But that is not the case. We in the Air Force made a 
very careful survey of our airfields all over the world, with reports 
and photographs of the conditions, which we have available for the 
use of the committee. That has been going on now ever since the 
hearings in 1954, because I realize we needed more and additional data 
to convince the committee of our views. 

Mr. Harpy. Do you have an objective comparative set of photo- 
graphs that relate both to rigid and flexible pavements? 

Mr. Ferry. Yes, Mr. Hardy; both. It is completely objective. 

Mr. Harpy. You spoke awhile ago of a test strip that was laid, part 
asphalt and part portland. Do you have any clear analysis of the 
comparative damage to those two portions of the strip? 

Mr. Ferry. Yes, sir. 

Mr. Harpy. Is that the only single test that you made? 

Mr. Ferry. That is the only single test that was conducted on an 
airbase. We have, however, a plethora of tests that were run out at 
the testing laboratory, by the Corps of Engineers, with their own 
testing techniques. We have General Wilson here today who could 
address himself to that point. 

Mr. Harpy. Well, on this test strip that you put in, was that—both 
ends of it—essentially designed to meet the same load ? 

Mr. Ferry. Yes, Mr. Hardy. 

Mr. Harpy. I want to revert for a second to this question of taxi- 
ways. You put considerable emphasis on the so-called channelized 
traffic. Are your taxiways built to the same specifications as your 
runways? 

Mr. Ferry. They would be if they were built today, sir. With the 
older bases clearly they were not. 

Mr. Harpy. How much of your failure on taxiways is due to the 
fact that they were not built to the same specifications ? 

Mr. Ferry. I am unable to answer that with facts and figures. 

Mr. Harpy. That is the kind of answer you have been giving here 
all morning. 

Mr. Ferry. I do not have that data. 

Mr. Harpy. That is the thing that bothers me about your testimony. 

Mr. Chairman, that is all. Unless we get some real facts to back 
up ‘the-action which the Air Force has taken, I think they are way 
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out on a limb. Now if they have facts for it all right. But honest 
to goodness, when you come in here and get the kind of testimony 
Mr. Ferry is giving us, frankly I am not impressed by it. 

Mr. Ferry. Mr. Chairman, may I address myself to that question ? 

Mr. Héperrt. Yes, sir. 

Mr. Ferry. I began my statement by saying “TI find it desirable to 
make a few general comments.” That is on line 5 of my first para- 
graph. I intended it only as generalities, Mr. Hardy. 

Mr. Harpy. Mr. Ferry, I just asked you a question and you said you 
didn’t have the facts to support it. That has gone on through the 
whole testimony here this morning. 

Mr. Héperr. May I suggest this, Mr. Hardy. I join you in your 
observations, but I also appreciate what Mr. Ferry has said. I sug- 
gest that what Mr. Ferry really means when he says he does not have 
the facts and figures, he means the facts and figures will be available 
when the other witnesses are on the stand; is that correct ? 

Mr. Harpy. That is‘fine, if that.is the case. 

Mr. Ferry. That is what I intended to convey. 

Mr. Heserr. I think if you say that, that would indicate to Mr. 
Hardy what you really mean, You are not an expert. 

Mr. Ferry. That is right. 

Mr. Hésert. But you do intend that all these general statements 
which have been made in here will be substantiated by your technical 


eople. 
Fe Mr. Ferry. We can substantiate them, Mr. Hébert, I believe to the 
satisfaction of the committee. 

Mr. Héserr. The committee expects you to substantiate them. 

Mr. Fisuer. Mr. Ferry, maybe I overlooked it, but where was the 
Kelly test? Where did it take place? 

Mr. Ferry. It was down at Kelly Air Force Base in San Antonio, 
Tex. 

Mr. Fisuer. That is the reason you call it the Kelly test? 

Mr. Ferry. Yes. 

Mr. Fisuer. Was that test carried on in consultation or in collab- 
oration with the asphalt people? 

Mr. Ferry. They were informed of the test and came down at 
least once during the progress of the test to observe what was being 
done. 

Mr. Fisuer. I recall that I was quite impressed in the prior hearing 
by the great progress that the asphalt people have been making in 
improving the type of product that they are able to put out. It would 
be interesting to see what their comment is about that when they get 
to bat, and also what additional research and improvement they have 
made that puts them in a better competitive position with cement. 

That is all, Mr. Chairman. 

Mr. Mrrter. Mr. Ferry, isn’t this just a continuation of the old 
fight that has always taken place between asphalt and rigid type 
pavements, through the years over the highway program ? 

Now, I remember prior to World War I, when I was.in college, they 
taught us that bridges along highways were temporary structures, 
subjeet to replacement, but once you surfaced a highway it was a 
permanent structure that was there for all times. With the develop- 
ment of the automobile, we just reversed our thinking. And we 
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found after some time that concrete was good in one place, and asphalt 
was good in another, and subsoil and a lot of things were the de- 
termining factor. 

Now, doesn’t that pretty well reflect itself in this instance, too? 

Mr. Ferry. I think that is quite true, sir, with one additional factor. 

If I might take generalities, again, for a moment: There are 
certainly places where the subsoil would be such that you would 
clearly be warranted in using a flexible type of pavement. Also, 
where weather conditions—as, for example, at Thule, where it would 
have been almost impossible to lay any quantity of concrete, due to the 
terrible weather. 

Mr. Miter. You get certain clay globules that absorb three times 
their weight in water. 

Mr. Ferry. Yes. 

Mr. Mirtzer. You find that flexible roads went in and concrete roads 
were absolutely impossible to put in and maintain. 

Mr. Ferry. There is no question but that there are specific places 
where flexible pavement is indicated in preference to a rigid and a 
rigid pavement is indicated in preference to a flexible. 

But the one salient factor that I keep coming back to again and 
again and again: the Air Force is different from a highway commis- 
sion. If you have a highway commission failure of roads, you go 
out and repair it. 

We can’t afford to shut down airfields while we are making major 
repairs. I mean it interferes with our operation. That is the factor 
that I keep in the front of my mind. 

Mr. Minier. Well, have we gone far enough and do we know it, 
particularly in this era when we are increasing the weight of planes— 
surely the introduction of the jet plane caused a lot of problems that 
weren’t foreseen 20 years ago, before the advent of the jet. 

Do we know enough or can we build airports or runways today.and 
say that they are going to meet the requirements of anything but in a 
very short foreseeable future? 

Mr. Ferry. This is nothing but a personal opinion, sir. 

I believe that airplines have substantially reached a peak in load. 
I do not anticipate that they will increase substantially in weight from 
here on in. 

I may be a very bad prophet, sir, but that is our feeling at the 
moment. 

Mr. Miutuer. 25 years ago, wouldn’t you have found people that 
would have said substantially the same thing? 

Mr. Frrry. They might have said it then, but they did not have 
the background of experience behind them on which to base such a 
judgment. Today we have a background of experience and we have 
learned that there is an economic limit at which it no longer pays to 
make airplanes bigger and heavier. I believe in my own personal 
judgment that we have about reached the economic weights of air- 
»lanes. 

Mr. Mitter., I was going to say for the benefit of my friend from 
Iowa when he was speaking about that old conflict between asphalt 
and cement pavements, it wasn’t so many years ago we had a third 
factor in there. We used a big amount of brick. We used to build 
highways out of brick, but that has gone out of fashion. We were 
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told a that time that the only thing that could resist heat and cold was 
brick. 

Mr. Cunninenam. Will the gentleman yield? 

Mr. Miter. Yes, I yield. 

Mr. Cunnineuam. At about that time, during World War I, they 
built a 14-mile strip of solid brick paving between the city of Des 
Moines and what was then known as Camp ier Hot weather came, 
and bricks would fly 50 feet in the air. 

Mr. Miter. We found in California in comparatively recent times, 
that we go in and put in a concrete highway 

Mr. CunnineuaM. I might say to the gentleman that is asphalt, 
too. 

Mr. Mitier. That is right. 

Mr. Héperr. Let’s get back. 

Mr. Rivers. Mr. Chairman, these old folks are reminiscing. Let’s 
get down to modern thought. 

Mr. Miter. Remember, the past is prologue. 

Mr. Héperr. Let’s get back on the track. 

I could throw a few oyster shells in from Louisiana, too. 

Mr. Courtney. Mr. Ferry, I have a few questions on your state- 
ment. 

On page 1 of your statement, I call attention to it—I suppose you 
mean immobilization of March Air Force Base by failures. I will 
ask you two questions. First, was the pavement at March Air Base 
designed for the modern-type plane to which you have been referring / 

Mr. Ferry. Not in total; no, sir. 

Mr. Courtney. Did the failures occur where the design was not 
adequate to meet. the necessities of the present-type aircraft? 

Mr. Ferry. I am going to turn to my technical expert to answer 
that question. I can’t address myself to that. 

Mr. Courtney. All right. 

Mr. Gavin. Bring the others up here, and let them sit around you, 
so if you can’t answer the questions, they can. 

Mr. Courtney. First of all, your name and your rank and your 
responsibilities. 

Colonel Aexanver. W. D. Alexander, colonel, United States Air 
Force, Chief, Engineering Branch, Directorate of Construction. 

Mr. Courtney. And how long have you been in your present assign- 
ment ? 

Colonel ALExANpER. Four years, sir. 

Mr. Courtney. Are you familiar with the failure to which Mr. 
Ferry referred to at March Air Force Base? The question was the 
pavement which failed there—first of all, what type of pavement was 
it ¢ 

Colonel Atexanper. It was flexible pavement. 

Mr. Courtney. Was the pavement designed for the load which it 
was carrying at the time of the failure ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Ferry. Not totally. Not all. 

Colonel ALExAnpER. 100,000. The B-47 was operating on 100,000- 
pound pavement. 

Mr. Courtney. Was the pavement in use at that time, which you 
say failed, designed for 100,000-pound weight load ? 
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Colonel Atexanper. Yes, sir. 

Mr. Courtney, And how extensive was the failure? 

Colonel ALexanprr. There were major failures along the center line 
of one taxiway and in portions of an end of the runway. 

Mr. Courtney. heal to what do you attribute the failure? 

Colonel Atexanppr. The investigations of the failure were made by 
the Corps of Engineers, and it was attributed to excess moisture in the 
lower layers of the base, or of the subgrade—not the base. 

Mr. Courrney. Then that would be a failure in design, would it not, 
rather than of pavement ? 

Colonel Avexanpver. Well, sir, you might call it that. But the pave- 
ment—I will go back to to your original question. The March Air 
Force Base was designed in accordance with the best practice, and the 
current design for 100,000 pounds. 

Mr. Courtney. Well, let me ask you this question. If your sub- 
grade won’t support your pavement, it doesn’t make any difference 
what kind of pavement it is. 

Colonel Atexanper. That is correct. 

Mr. Courtnrey. Now, your failure in this instance was below the 
grade of the pavement, isn’t that right ? 

Colonel ALExanper. Yes, sir. 

Mr. Courtney. I will ask you this question. 

Did this failure occur all of a sudden or did you have any warning of 
it? 

Colonel Arexanper. No, sir; pavements don’t fail suddenly. 

Mr. Courtney. I didn’t think so. 

Over how long a period did you experience this deterioration in the 
subgrade ? 

Colonel Atexanper. I can’t answer that directly, Mr. Courtney. 

Mr. Courtney. Is there some information on that subject? 

Colonel Arexanper. Yes sir. We can get you a documented report 
from the Corps of Engineers which will give you full details on it. 

Mr. Courtney. And that will be supplied. At some place or other 
along this hearing? 

Mr. Ferry. Yes, sir. 

(The report on March AFB, Calif., follows :) 


Marcu AFB, Catir. 


Nature of failure: Settlement and rutting of flexible pavement. 

Time of failure: Barly 1954. 

RNG OS Sa 0G 8 i sini eebenp ener 

Where located (on primary taxiway): Along channelized section of taxiway. 
Cost of repair: $74,000. 

When constructed: 1953. 

What aircraft weightload constructed for: 100,000 pounds on twin wheels. 
Had any reconstruction occurred: No. 

|G Sep emnaaiad elite Bieclnchy neta 

What aircraft were using base: B—47, KC 97. 

Would failures have occurred regardless of surface type pavement: Unknown. 


Mr. Courrnry. Now, Mr. Ferry, to come back to your statement, 
please, on page 3: I notice that you attribute—you have several numer- 
als down there on failures of bituminous pavement since 1950. 

Mr. Hésverr. Mr. Courtney, may I interrupt you just one minute, 
please? I want to ask the Colonel one question, following through 
what you have said. And that is—as I understood your statement, 
it was that the design was at fault? 
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Colonel ALexanper. No, sir; I did not:say that. 

Mr. Hésertr. What did you say? 

Colonel ALExanper. I said 

Mr. Gavin. He said the substructure was at fault. 

Mr. Courtney. Subgrade. 

Mr. Hépert. Subgrade. 

Colonel Atexanprr. No, sir. The pavements at March were de- 
signed in accordance with the current criteria and the best knowledge 
available at that time. 

Now, subsequent to this time, the effect of channelized traffic were 
discovered and provision have been made in subsequent designs for 
channelized traflic. 

Mr. Hésert. Indicating that the design was a faulty one. 

Mr. Ferry. The best of the state of the art at that time, let us call it. 

Mr. Hépsert. All right. 

Then it developed that in reality it was the design and not the 
fact that it was asphalt. 

Mr. Ferry. I can’t answer that, sir. I haven’t seen the report. 

Mr. Hésert. That is what we want the Colonel to answer. 

Colonel ALtexanper. Yes, sir. I think you will have to say that, 
but I believe this report will give you more details on it. 

Mr. Héperr. No. We want it in language we can understand. 

In attempting to get this whole matter down on a public record, we 
don’t want the public to have to read these detailed reports. 

Colonel ALEXANDER. Yes, sir. 

Mr. Héserr. That is why we are asking you in ordinary, plain 
layman’s question, and the reason I return to Mr. Courtney’s question. 
Now, couldn’t that same situation have developed with concrete as 
well as asphalt ? 

Colonel Atrexanper. Yes, sir. 

Mr. Hésert. So you cannot charge it against being the inferiority 
of the asphalt ? 

Colonel Atexanper. That is correct. 

Mr. Hésertr. So any advancement as a classic example of the in- 
feriority of asphalt is not quite accurate ? 

Colonel ALExanpeR. That is correct. 

Mr. Harpy. Mr. Chairman, I was just wondering if maybe we 
haven’t another factor that we are not giving enough attention to 
there. Not only do you have the possibility of design error but you 
also have the possibility of construction error ? 

Colonel Atexanper. That is correct. 

Mr. Harpy. It would have been just as possible for construction 
error to have taken place, whether it had been rigid or flexible 
pavement. 

Colonel Atexanper. That is correct. 

Mr. Ferry. I would like to take issue—— 

Mr. Héperr. One second, Mr. Ferry. 

Following what Mr. Hardy has said, supplementing that, that is 
exactly the point I am trying to bring out, Mr. Hardy, is that this 
was advanced as the failure of asphalt, as a classic example, and in 
reality asphalt was only an incident in it. 

The same thing could have occurred with concrete. 

Mr. Harpy. That would be my understanding. 

94407578 
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Mr. Mitier. Will the gentleman yield ? 

Mr. Hépert. Mr. Miller. 

Mr. Gavin. I am waiting to be heard on your question, Mr. Chair- 
man. 

Mr. Héserr. I will yield to you. 

Mr. Gavin. I don’t think the colonel was trying to leave the im- 
pression that it was a matter of rigid or flexible pavement that was 
responsible for the condition that arose there. It would have hap- 

ened whether it was either. He was not trying to convey to us that 
it was a condition of the materials that were used. 

What you said: the base on which the pavement was built, 
whether it was flexible or rigid, had no bearing on it, that there was 
some ground condition existed there, some subbase that existed that 
was responsible for the condition that arose there; is that right? 

Colonel ALExaNpeER. That is right. 

Mr. Gavin. You didn’t at any time try to infer that it was because 
of any particular materials or the type, rigid or flexible. 

I coneluded from what he said—and I am only trying to defend 
his position—the fact that it was the base on which the airstrip was 
laid, and not the materials that were used. 

Mr. Hess. Will the gentleman yield? I don’t believe anybody on 
the committee has said that the colonel made such a statement. What 
we are referring to is this list of Air Force bases at which major re- 
pairs and replacement of asphaltic concrete has been accomplished. 

Mr. Gavin. I quite agree, but the chairman is trying to bring out 
the point that it would have happened in any event. I quite agree 
with it, that is right, but the colonel didn’t say that. 

Mr. Héserr. The chairman is not trying to say nor at any time did 
he indicate in his questions that the colonel was attempting to avoid 
answering the question. The chairman was merely trying to bring out 
by questioning exactly what the situation happened to be at the time, 
and what the facts were. Certainly, he had no intention and I am sure 
the colonel knows it—and with the exception of the gentleman from 
Pennsylvania, nobody got any other idea. 

Mr. Héserr. Mr. Miller. 

Mr. Mitter. Mr. Chairman, I would like to clarify this in my own 
thinking. You said at the time this base was constructed, the then best 
criteria—it was constructed with the best critera at the time, that is 
correct, is it? 

Colonel ALExANpeER. Yes, sir. 

Mr. Mrixer. In other words, at that time this was the best engi- 
neering thinking ? 

Colonel Atexanper. Yes. 

Mr. Mitier. You built this base on a subbase, and built this runway 
on it, and it subsequent failed. 

It goes back to what I said to Mr. Ferry. When I questioned him, 
it was brought out that the subbase has a great deal to do with these 
things, and that this is the same old fight. 

We are making progress. 

Are we sure, or would you as an engineer say that you can design 
a base today using the best criteria that will meet perhaps the ad- 
vancement of 10 years from now ? 

Colonel Atexanprer. For flexible pavement ? 

Mr. Mitier. For any kind of a pavement. I don’t care what it is. 








7 


AIRSTRIP PAVING MATERIALS 1901 


Colonel ALEXANDgER. Yes, sir. 

Mr. Mrtter. You think you could do it now and it would be a good 
10 years from now ? 

olonel AtexANnper, Well, if we go back to Mr. Ferry’s state- 
ment 

Mr. Mitxer. I am talking about you, now. You are going to ap- 
prove of the building of a base today, and ye are going to sit there, 
and dogmatically tell me you can do it and it is going to be good 10 
years from now? When was March Field built ? 

When was this pavement laid? 

Colonel ALExaNpeErR. 1950—subsequent to 1950. 

Mr. Miter. Do you think the man who laid this—the engineer who 
would have been in your position if I asked him then, wouldn’t he 
just have answered me as you did, and said, “Yes, I can do it’? 

Colonel Atexanper. Yes. 

Mr. Miter. You think you can do it? 

You think you have more brains or the engineers know more today 
than your forebears did just 7 years ago? 

Colonel Atexanprer. We think we do. 

Mr. Mitter. You think you do. Don’t you think they thought 
people in 1943 were pretty antiquated in their thinking / 

Colonel ALExanver. Yes, sir, things have progressed. 

Mr Mitier. You don’t think we are at the end of that progress, do 
you ¢ 
* Colonel Atexanper. No, sir. 

Mr. Miniter. You wouldn’t try to tell me, dogmatically tell me, 
pontifically sit there and tell me, “I can build:a runway today that 
will be good 10 years from now” ? 

Colonel Arexanper. I wouldn’t tell you dogmatically. I would 
say I think we can do it. 

Mr. Mitirr. “Think”? 

You think you can do it. That is what I wanted you to say. We 
are at the place where you can’t know and don’t know. And there is 
no throwing aspersions on what has taken place in the past. The 
people that built these bases built them to the best criteria, using your 
statement. 

Mr. Hézerr. We are right back where we were with Mr. Courtney, 
when I interrupted. 

Mr. Rivers. Let me ask a question. 

Mr. Héserr. Ask your question. 

Mr. Rivers. I wanted to ask this. When Mr. Courtney brought it 
up I started to object. He asked a question of Colonel Alexander, as 
to whether there was a weakness in the design of March Field. From 
what has transpired, it looks to me like the weakness was a faulty in- 
spection of faulty contracting, because you didn’t get enough water 
out from the bottom. 

There was water underneath the runway. I want to ask this ques- 
tion: was it faulty inspection, faulty design, or faulty construction? 

Colonel Arexanper. I believe, Mr. Rivers, the fault of that failure 
would have to be borne out in the design. 

Mr. Rivers. In the design. 

Colonel Atexanper. And since that time of course, we have im- 
proved our knowledge in design. 
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Mr. Rivers. How can design get away from the water that is under- 
lying a runway, if you don’t remove the water table? 

Colonel Atexanper. If a man properly designed a facility or struc- 
ture, he will ascertain whether the water will get in there or not or he 
will attempt to ascertain that. 

Mr. Héserr. Mr. Courtney. 

Mr. Gavin. Would you yield at that point? 

In the design of a base of that magnitude, and importance, wouldn’t 
you make test borings of the land under that runway before you went 
in and designed it ? 

Colonel ALexanver. Yes, sir. 

Mr. Gavtn. To find out what the substructure was? 

Colonel ALexanper. Yes, sir. 

Mr. Gavin. Was that done in this case? 

Colonel Atexanper. Yes, sir. 

Mr. Gavin. And still you had water under there? 

Colonel ALexanver. Yes, sir. 

Mr. Hésert. Mr. Courtney. 

Mr. Cunntneuam. Mr. Chairman, could I clear up something with 
Mr. Ferry ? 

Mr. Héperr. Yes. 

Mr. Cunntnenam. You said earlier, Mr. Ferry, that the safet 
division might have the figures of comparison between the flexible 
and nonflexible. Could you get those figures for us? 

Mr. Ferry. I will try to, sir. 

Mr. Hésert. Mr, Courtney. 

Mr. Courtney. Mr. Ferry, at top of page 3, in the course of your 
statement, you made reference to what is described as an alarming 
number of major failures in pavements. 

We have distinguished here, and do distinguish, between the critical 
areas as they were described in the 1954 hearings, and the rest of the 
pavement at the airfield. 

I will ask you whether or not the alarming number of major failures 
to which you referred did not in fact occur in what would be described 
as critical areas ? 

Mr, Ferry. Yes, sir. 

Mr. Courtney. So as between the Air Force and the subcommittee, 
there is no difference of opinion now as to whether or not those areas 
ought to be in concrete or rigid pavement ? 

Mr. Ferry. We are now talking of the 1954 critical areas? 

Mr. Courtney. Yes, sir. 

Mr. Ferry. No difference at all. 

Mr. Courtney. Then failures of that character so far as present 
criteria are concerned would not occur in the future? 

Mr. Ferry. I will not go so far as to say that, sir. 

Mr. Courtney. That 1s so far as the type of pavement selected ? 

Mr. Ferry, Again, I would not go so far as to say that. 

Mr. Courtney. I notice also in describing these failures that you 
break down the failures into the bituminous runway ends which 
have been replaced. Of course, in the 1954 criteria it was established 
that 1,000 feet at the end of all runways would be rigid pavement. 

Mr. Ferry. Yes, sir. 

Mr. Courtney. That, of course, would not be a failure to be con- 
sidered for the future ? 
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Mr. Ferry. That is right, sir. 

Mr. Courtney. I am merely trying to isolate the problem, if we 
can, by eliminating things as to which an agreement has been reached. 

Mr. Ferry. May I touch for just a second on that, Mr, Courtney ? 

Mr. Courtney. Yes, sir. 

Mr. Ferry. We are really talking now of new airfields, because our 
airfields today are substantially constructed and with the exception 
of some lengthening at the end which clearly should be concrete, some 
additional paving areas for the larger-sized planes to take them, we 
are practically finished building new airfield pavement. So the thing 
is in a form—not academic. Certainly, we will always be doing some 
paving, but it is not of the same importance as I think it was back 
in 1954, 

Mr. Courtney. I notice that im your prepared statement, you make 
frequent reference to the frequency of use of these pavements. 

Mr. Ferry. That is right. 

Mr. Courtney. And again, in the course of your statement and 
your interpolation, you referred to the change in the use of these air- 
fields by reason of dispersal, 

Mr. Feu: Yes, sir. 

Mr. Courrney. I think you also said that a field infrequently used 
would not be designed for as heavy a load as the 240,000-pound load. 

Mr. Ferry. That is correct, sir. 

Mr. Courtney. Then frequency of use is one of the very vital fae- 
tors, is it not, in determining the type of design which you shall 
employ and the type of pavement which you may require on primary 
taxiways? 

Mr. Ferry. It is one of the most important. 

Mr. Courtney. The most important. 

Mr. Ferry, One of the most important factors. 

Mr. Courtney. Have you made any comparison, Mr. Ferry; in 
the establishment of the present criteria between the experiences of 
the Air Force versus the experiences of our commercial airfields, 
where, for example—take Midway Airfield in Chicago, which is one 
of the heavily traveled and used airfields; have you made any com- 
parison between the design which is proposed for the Air Force, and 
the design which is employed or to be employed at Midway, for 
example, or the other commercial airports where they have—the 
frequency factor ? 

Mr. Ferry. We have not, sir, because the primary requirement of a 
commercial airport does not have the imposed loads that we will 
impose on them, with our heavy bombers. So we have one of the 
factors that just has no analogy. 

Mr. Courtney. In other words, the only comparison then would 
be on the element of frequency ? 

Mr. Ferry. We could compare on the element of frequency, but 
that would leave out the question of weight, imposed load. 

Mr. Courtney. Not on the question of imposed load. 

Mr. Ferry. That is right. 

Mr. Courtney. That is all, Mr. Chairman. 

Mr. Ferry. May I elaborate? 

Mr. Courtney. Yes, sir. 
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Mr. Ferry. Colonel Alexander mentions our tire pressures are 
higher than commercial tire pressures as well, which, of course, ties 
into the question of the weight of the plane. 

Gentlemen, I would like to say that I have tried to be completely 
objective. In using March Field, as an example of interruption, no 
attempt was made to tie it to flexible pavement or rigid pavement. 
I merely said it is an example of the interference that we can’t tolerate 
in the Air Force by the reason of major repairs. 

It was not an attempt to cast aspersions. 

Mr. Héserr. Mr. Ferry, has a similar occurrence taken place at a 
place where there was rigid pavement ? 

Mr. Ferry. No, sir. We have had repairs on rigid pavement, but 
no shutdown of a field. 

Mr. Hésert. Noshutdown such as at March Field. 

Mr. Ferry. And secondly, I would like to add one question. 

I am sure you will not take this as personal, Mr. Hardy. I am a 
professional engineer, and as such would not care to appear and 
comment about things that I could not back up as an engineer. 

We have available engineering data I think which will be able 
to show to the committee and I trust convince them of the soundness of 
my presentation. 

Mr. Harpy. Mr. Chairman, if I might just make this observation ? 
Of course, I should certainly be glad to get that kind of information, 
Mr. Ferry. I don’t know that I am too concerned with getting the 
technical information. But I do want to have some engineering 
evaluation of facts. 

Frankly, I was a little bit disturbed by your expression that you 
didn’t have the facts. So if somebody else is going to supply them, 
that is fine. 

Mr. Ferry. All right, sir. 

Mr. Hésert. Thank you very much, Mr. Ferry. 

Mr. Ferry. Thank you. 

Mr. Hess. Mr. Hébert. 

Mr. Hépsert. Yes. 

Mr. Hess. I would like to ask Colonel Alexander a question or two 
here with reference to this seal-coat and tar-rubber overlay. 

Have those been successful when they are applied over the bi- 
tuminous concrete—not taxiways, but hardstands and places of that 
kind, where there might be spillage? 

Colonel Atexanper. Not fully, Mr. Hess. 

We placed tar-rubber on quite a few bases, more as an experimental 
and a reserve project, subsequent to our last hearings. We have had 
indications that, the tar characteristics permeate the pavement. So 
we get a certain amount of cracking and checking. However, that 
is not prevalent on all of them. e still have hopes that the tar 
rubber pavement holds promise and it may be of some help to us. 

Mr. Hess. Would it be as costly as concrete ? 

Colonel Atexanper. No, sir. 

Mr. Hess. Allright. That is all. 

Mr. Rivers. Could I ask the colonel a question? Colonel, what 
is your job? 

Colonel Atexanper. Chief of the Engineering Branch of the 
Directorate of Construction, in Headquarters, Air Force. 
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Mr. Rivers. Under whom do you work? 

Colonel Atexanpsr. I work under Colonel Lutz and Colonel Con- 
ner. 

Mr. Rivers. Who is in charge of it? 

Colonel Atexanper. Colonel Conner is the director of construction. 

Mr. Rivers. Who is the general in charge of it ? 

Does that come under Installations? 

Colonel Atexanper. Yes, sir. General Minton is the Assistant 
Chief of Staff, Installations, and I work under him, through these 
other officers. 

Mr. Rivers. He took General Washbourne’s place ? 

Colonel Atexanper. Yes, sir. 

Mr. Ferry. May I at this point present General Minton to the 
committee? Gen. Augustus Minton, the new head of the Installations 
Division. [General Minton rose. } 

Mr. Haésert. This is your first appearance here? 

General Minton. This is my first appearance. I have just been 
here 1 week. 

Mr. Rivers. He is a one-star general, and General Washbourne is 
two-star. 

Mr. Ferry. That is right. 

Mr. Rivers. Is that permanent, to have a one-star general to take 
the place of a two-star general ? 

r. Ferry. We sincerely believe that we will be able to improve 
the mission of General Minton. 

Mr. Héperr. We have no further questions. 

Mr. Ferry. I would like to then put on Colonel Conner, who is the 
Chief of Engineering in Installations Branch of the United States 
Air Force. 

Mr. Rivers. Before Mr. Ferry goes, I hope you won’t change 
that statement for the record. Not knowing his abilities, I hope you 
won't change it, that you are going te work to improve his star 
condition. 

Mr. Ferry. I was addressing myself, Mr. Rivers, to the number 
of stars. 

Mr. Gavin. Where is Colonel Conner located ? 

Mr. Ferry. Colonel Conner is located over in the Pentagon, on 
the fifth floor of the Pentagon. 

Mr. Gavin. Isn’t there another Colonel Conner in Spain on the 
development of air bases ? 

Mr. Weary. You are thinking of Kelly. 

Mr. Gavin. No, I am thinking of Conner. 

Mr. Ferry. There is no Conner in Spain. 

Mr. Gavin. There isn’t much difference between the two of them. 
They are both good Irish names. 

Mr. Ferry. Colonel Conner, will you take the stand ? 

Colonel Conner will be very glad indeed to answer any engineering 
questions and put in evidence the engineering studies that we have 
made on the pavements. 

Mr. Héserr. Colonel, will you identify yourself for the record? 

Colonel Conner. Robert R. Conner, Colonel, U. S. Air Force, Di- 
rector of Construction, Assistant Chief of Staff, Installations, United 
States Air Force. [ have no prepared statement. 
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Mr. Hésert. You have no prepared statement, sir ? 

Colonel Conner. No, sir. 

Mr. Hésert. Mr. Hardy? 

Mr. Harpy. Mr. Chairman, I don’t have notes here on the specifica- 
tions that I had in mind discussing with Mr. Ferry. But Colonel, I 
was somewhat concerned that Mr. Ferry’s statements were so general. 
He didn’t indicate that they were based on any comparative engi- 
neering studies. 

As one specific illustration, on page 3 of Mr. Ferry’s statement he 
referred to the fact that of the bituminous pavements constructed in 
1950, 47 have had major repairs or replacements. 

Now, do I understand from that that no rigid construction in that 
same period has required any major repair? 

Colonel Conner. We have had no major repair trouble with rigid 
pavement since that time, no, sir. 

Mr. Harpy. What constitutes major repairs as contrasted to minor 
repairs? 

Colonel Conner. Just as an opinion, I would consider major repairs 
to be in those areas of around $50,000 or more that would depart Pebm 
the area of maintenance as such and become rehabilitation projects. 

Mr. Harpy. So your point of departure, then, is $50,000 in cost. 

Colonel Conner. Yes. 

Mr. Harpy. Rather than on an area basis, it is a cost proposition. 

Colonel Conner. Yes. 

Mr. Harpy. Do you have any figures to indicate comparative costs 
of maintenance as between your asphalt and your portland, of run- 
ways constructed during the same period of time? 

Colonel Conner. We have no firm figures on maintenance. The 
maintenance accounts on air fields in the Air Force are kept by air- 
fields alone and are not broken out into the repair of individual areas 
of pavements. 

Mr. Harpy. Mr. Ferry’s statement referred to pavements, and he 
didn’t distinguish between runways, taxiways, warmup pads or what 
not. Is there any appreciable distinction in the experience with 
respect to those different types of pavements, usewise ? 

Colonel Conner. Usewise, it is my opinion that it would be pretty 
well across the board, wherever pavement is used. 

Mr. Harpy. Is there any engineering data to demonstrate that, or 
are we just talking about opinions now ¢ 

Colonel Conner. I will have to ask Colonel Alexander if there are 
any of those figures available. 

Colonel Arexanper. I think we could cite approximately 8 or 10 
jobs and give you a short description of those jobs or bases—— 

Mr. Harpy. Colonel, I don’t mean to get into that. 

Colonel Conner. Yes, sir. 

Mr. Harpy. The only thing—I don’t want to evaluate this business, 
but I want to know that some engineer has made an actual engineer- 
ing comparison and engineering study and doesn’t come in here and 
base his statements on opinions and judgments, unless they have 
something of an engineering nature to back them up. Most of Mr. 
Ferry’s statements were statements of opinion. He said he didn’t 
have the facts. I haven’t got the questions before me, but there were 
a number of times that he gave answers that simply said he didn’t 
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have the facts to support his position. I am assuming that you peo- 
ple do. If I had those questions here, I would like to put them to you 
individually, but I don’t have them. I just don’t like to get an engi- 
neering expression based on opinion. 

Colonel Atexanprr. Mr. Hardy, we can show our major pavement 
failures and show you the cost of those failures. I believe that is 
right there in that letter. 

Colonel Conner. That is right. We have some prime examples 
here, Mr. Hardy. We can get others from our files. 

At March Air Force Base, the cost of rehabilitation of that job 
was in the neighborhood of $72,000. That pavement was put in use 
in May of 1952. It subsequently developed these long-rolling undu- 
lations on the pavement and the repairs and major rehabilitation of 
that job required taking off the high spots and filling in the low 
spots. It cost us $72,000. 

Mr. Harpy. Now, let’s talk about that one a little bit more. Colo- 
nel Alexander’s testimony was that the engineers, Army engineer 
had made an evaluation of that whole picture and had coneltied 
that the problem there was one of subgrade construction. Now, is 
there any engineering evaluation of that which would make a com- 
parison with what would have happened if it had been portland 
concrete rather than asphalt ? 

Colonel Conner. No, sir, not unless the Corps of Engineers made 
one. And that was their job, sir. I would rather they would explain 
their report to you. 

Mr. Harpy. Well, my whole point is simply this, Colonel. I think 
you understand it. Aapatently you would have had trouble with 
that runway regardless of whether—regardless of what the surface 
was, because of the subgrade. 

Colonel Conner. It is our experience, sir, that flexible pavement 
with an asphaltic concrete top is more generally prone to subsidence 
caused by deferential settlement than rigid concrete slabs are. 

Mr. Harpy. Now, have you any engineering, poten engineer- 
ing data to back that up, or are you just again talking about expe- 
rience based on opinion that might have a little prejudice involved, 
too, I don’t know ¢ 

Colonel Arexanper. I think these facts that Colonel Conner is 
talking about—they are facts, Mr. Hardy. They are not, really 
not-—— 

Mr. Harpy. You have facts? 

Colonel ALExANDER. Yes, 

Mr. Harpy. You have some undulations, I believe was the word. 

Colonel ALEXANDER. Yes. 

Mr. Harpy. On asphalt pavement. 

Colonel Conner. Yes. What are the facts as to what would have 
happened over the same subgrade if you had had portland concrete? 

Colonel ALexanper. The only way that could be answered is if we 
had built the concrete there and subjected it to the same traffic. But I 
don’t believe-—— 

Mr. Harpy. Can you say with precise engineering assurance that 
if that particular runway had been constructed of rigid concrete to 
start with you wouldn’t have had any trouble with it? 

Colonel Conner. We can’t say that, sir. 

Colonel Atexanper. No. 
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Mr. Harpy. That is just what is bothering me, Colonel. __ 

Now, I just—I would like to get some engineering evaluation. 

Now, back in 1954, which is 3 years ago almost—not quite 3 years 
ago—in a letter to Mr. Hess, who was then chairman of this subcom- 
mittee, Mr. Ferry had this to say, and I am quoting from his letter: 


While we are completely convinced— 
and that is a very strong statement— 


we are completely convinced that 100 percent concrete paving has a definite 
advantage as compared to a combination of concrete in the critical areas and 
asphalt in the noncritical areas, we have been unable to collect adequate engi- 
neering backup as reflected by maintenance cost to substantiate this view. 

Now that was 3 years ago. I don’t know what—certainly you have 
had 3 years in which to collect adequate engineering cost data. I 
just asked for some cost data on maintenance, and Colonel Conner 
said he didn’t have it. So apparently you haven’t brought it together 
in Washington. Maybe you have something else, Mr. Ferry. I am 
glad you came back. 

Mr. Ferry. May I address myself to that, Mr. Hardy ? 

Shortly after that hearing in 1954, I realized the inadequacy of our 
figures. They didn’t have them. We don’t have them today. This 
may sound not very good management, but I have been trying for 3 
years to get a worldwide system of Sree the cost of maintaining 
and repairing airfield pavements, not only by pavements themselves 
but by the locations, that is taxiways as separated from runways and 
from parking aprons and such. And due to the very inertia and 
complexity of getting that into the accounting system, I haven’t got 
it going yet. 

Mr. Harpy. Well, you just put your finger on the whole thing 
that bothers me about this proposition. The Air Force has made 
decisions to use concrete. Maybe they are right. I certainly don’t 
know. But I would still have to come back to this observation, that 
if you have developed any engineering support for that, you haven’t 
given it to this committee. 

Mr. Ferry. Sir, the only thing we can give you is frequency. We 
can’t give you dollar maintenance cost. But we have figures on the 
number of failures of concrete as against asphalt, and the overwhelm- 
ing number of failures lies in the flexible type paving. 

r. Harpy. Well, now, it looks like that when you get into this 
question of failures, what constitutes a failure, you have it set up on 
a cost basis. Colonel Conner says that if it costs over $50,000 it is a 
failure. If it costs under that, it just goes into your maintenance cost 
and you don’t have any tabulation of it. I don’t know. It doesn’t 
mean too much to me because you haven’t given us any figures that 
I have been able to find—I am not interested in figures. But I want 
to be sure that somebody has the figures and that qualified engineers 
have passed on them. And you haven’t given us anything to in- 
dicate that at all. 

Mr. Ferry. Mr. Rivers, all we can furnish you at this time is fre- 
quency of failures. 

One sometimes must reach conclusions from an engineering 
standpoint without having all of the engineering data avail- 
able. Frequently you have to make decisions to go forward, while you 
are waiting to get all that you would like to have. And this is one 
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of our cases. We have to make a decision how to go forward to the 
future. 

Mr. Mizier. Will the gentleman yield ? 

Mr. Harpy. I’m through. I’m not getting anywhere. 

Colonel Conner. Mr. Hardy, from a maintenance standpoint there 
has hardly been any good continuity of maintenance figures; We 
most generally had to go to major rehabilitation jobs and strengthen- 
ing jobs before any day to day maintenance in some of these places 
was required. 

Mr. Harpy. Well, one of the bases that you have in there, and it is 
a big one, is Nouasseur. I was out there when that one was being con- 
structed. I would have a little trouble understanding how you con- 
tribute that to either surface, the trouble that you had out there. 

Mr. Héperr. Mr. Bates, any questions? 

Mr. Bares. Mr. Ferry, have you coordinated your study with that 
of the Navy ? 

Mr. Ferry. No, sir. 

Mr. Bares. Has the Department 

Mr. Ferry. I am reporting Air Force experience only. 

Mr. Bares. Has the Department of Defense put out any instruc- 
tions on that at all? 

Mr. Ferry. Department of Defense has given us permission to con- 
struct pavings to withstand the necessary imposed loads, and they 
do not say specifically it shall be rigid or flexible, but they do give 
us permission to provide sufficient strength in our pavements to meet 
the requirement. 

Mr. Bares. Then they pretty well leave it up to you? 

Mr. Ferry. That is na sir. 

Mr. Bares. Now if you haven’t coordinated your experience with 
that of the Navy, do you know what Navy does ? 

Mr. Ferry. I do not, sir, for the reason that they do not have the 
same problem we have, of this question of weight, Mr. Bates. 

Mr. Bares. No, but at many bases—they have many of ‘your type 
bases which are used for planes identical to their’s. Many of your 
fighters and their fighters can be interchanged. 

Mr. Ferry. Our trouble is in the heavyweight planes, Mr. Bates. 
Our major trouble is the heavyweight. It is not the fighter planes 
that trouble us so much. 

Mr. Bates. How about your Air Defense Command, what are you 
doing there ? 

Mr. Ferry. In Air Defense Command we are still to a large extent 
using asphaltic concrete pavings. 

ae Bates. It is just for your larger bombers that you are using 
rigid ? 

Mr. Ferry. That is right. 

Mr. Hépert. Mr. Ferry, I understood you to say that you have not 
coordinated with the Navy because the Navy has different problems 
than the Air Force. 

Mr. Ferry. That is right, sir. 

Mr. Hézerr. Who is constructing the Air Force bases in Spain? 

Mr. Ferry. The Navy is constructing them for us, sir. 

Mr. Héverr. They certainly must have something in common with 
you. 
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Mr. Ferry. Well, they have something in common with us, but our 
rere are being constructed for a heavier load than the one down at 

ota. 

Mr. Hépsert. The one where? 

Mr. Ferry. The Navy base down at Cadiz. 

Mr. Héperr. Isn’t the Navy in charge of all construction in Spain ? 

Mr. Ferry. That is right, sir. 

, a Hésert. Then they must be cognizant of your problems, aren’t 
they 

Mr. Ferry. They are cognizant of the problem. But the question 
asked had I correlated this with the Navy, this report, and I said not. 

Mr. Hésert. You said they had different problems. 

Mr, Ferry. That is right, different operating problems. 

Mr. Héserr. Well, these are construction problems. Don’t you 
think you should correlate your information with the Navy? They 
are building your bases. 

Mr. Ferry. The Navy is our design agency—not only building, but 
they are designing for us. So they are perfectly aware of our prob- 
lems because they #re providing the design to meet our requirements. 

Mr. Hépzert. Well, still, shouldn’t you correlate your information 
with them? And on an overall basis they certainly have a great in- 
terest in you and you have a great interest in them. Or are we still 
that far from unification ? 

Mr. Ferry. We are still very close to unification, sir, in this matter 
of construction, but I had to answer Mr. Bates’ question that I had not 
correlated my views here with the Navy in preparing this. 

Mr. Hésertr. You personally hadn’t correlated your views? 

Mr. Ferry. I had not. 

Mr. Héserr. Had the Department correlated their views? 

Mr. Ferry. I don’t think we have. 

Mr. Hépert. You are in charge? 

Colonel Conner. They are. 

Mr. Ferry. Oh, they are? 

Colonel Conner. Yes. 

Mr. Hésert. All right. 

Mr. Bares. One further question. 

Mr. Ferry, you are going to have some 11 new SAC bases on your 
dispersal program ? 

Mr. Ferry. There are 6 new ones in this year sir—11 and 6 more. 

Mr. Bares. You are going to have the 22. 

Mr. Ferry. Right. 

Mr. Bares. What do you intend to do at those particular bases? 

Mr. Ferry. We are going to have—where the pavements are of 
insufficient strength to take the weights, we are going to have to put 
overlays on to take the weight. 

Mr. Bares. So at least this inquiry is timely, because we got that 
very real situation facing us. This determination should be made 
before you moved them in as tenants. 

Mr. Ferry. Yes, sir. 

Mr. Bares. On many of these air defense bases. 

Mr. Ferry. Yes, sir. 

Mr. Héeerr. Mr. Miller? 

Mr. Mirixr. Colonel Conner, you say you have a number of these 
cases. You haven’t any engineering data. You merely pick up the 
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number of failures. The only failure that we have discussed at any 
length here was March. You are not going to say that March Air 
Forse Base was a failure because of the type of surface, are you? 
You just went through pretty well proving that it was a failure of 
subsurface. I want to know how you are going to tag that one off. 
Is it going to be attributed to concrete or to asphalt? 

Are you going to throw that one out ¢ 

Colonel Cotesia No, sir. We have some other examples, Mr. Miller. 

Mr. Mitier. I am talking about this one. Now in evaluating these, 
in these lists of bases here—are we going to put March Air Force 
Base—— 

Are we going to credit it to asphalt or—what is it? Is it concrete 
or asphalt ? 

Colonel Conner. Asphalt. 

Mr. Mituer. Asphalt. All right. Are we going to give asphalt 
a demerit on March? 

Mr. Ferry. We sure are. 

Mr. Mriurr. You are going to say that is a failure of asphalt at 
March ? 

Mr. Ferry. Yes. 

Colonel Conner. No, sir, I am gong to say it is a failure of flexible 
pavements. 

Mr. Mixxer. Let’s not quibble. I will use flexible pavements, as 
against permanent pavement, if you are going to quibble on that. 

Are you going to say this is a discredit for flexible pavement? 

Colonel Conner. One of them, yes, sir. 

Mr. Miter. But didn’t we just get through saying—didn’t this 
ee ee just admit there was subsurface and subgrade failure 
there 

Colonel Conner. Yes sir; and in the 4 or 5 layers—— 

Mr. Mitier. He was asked some place up and down the line whether 
or not under the same conditions permanent pavement would have re- 
sisted this as against flexible, and if I remember—I don’t want to 
misquote you, Colonel. As I remember, I-think you said you couldn’t 
say that it wouldn’t fail under the same conditions, isn’t that correct? 

Colonel Atexanper. I couldn’t say unless you have the perform- 
ance-—— 

Mr. Mitier. You couldn’t say it. Are you going to say this is 
a demerit or are we going to throw March Field out as being a sub- 
surface pavement, that you can’t definitely say is due to your flexible 
or your permanent pavement ? 

‘olonel Conner. I am going. to have to say that as far as I am 
concerned, it is an example of the failure to produce suitable pave- 
ment, suitable flexible pavements. 

Mr. Mitxer. Then irrespective of the fact that the subgrade ad- 
mittedly here was responsible for the failure, we are going to then 
say that this is a failure here. Had that been concrete, it would have 
gone out—or permanent. Excuse me for using the word concrete. 

If it was permanent, would you have said—— 

Mr. Harpy. Rigid. 

Mr. Mitzer. Rigid. Excuse me. 

I get these things mixed up. 

Why don’t we just call them asphalt or concrete, and get away with 
that. Get rid of the gobbledygook. You talked around a lot of 
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things. You haven’t told me yet whether you consider—that you are 
going to throw out all consideration of the subgrade. 

Colonel Conner. No, I am not going to throw out all consideration 
of the subgrade. 

Mr. Muier. Then what are we going tosay? Are you going to say 
that this is responsible, that the asphalt pavement or flexible pave- 
ment—this is responsible for this failure, and charge it against it, 
when other data apparently shows that there was a basic fault away 
from that type? 

Colonel Conner. It has been my experience, sir, that rigid pave- 
ments survive better on poor subgrades than flexible pavements do. 

Mr. Mitrer. On poorer subgrades. Then we get back to the thing— 
are you satisfied with the subgrades on all of these bases where you 
have had failures, or were they—are you in the position of your 
younger friend here, who says, “We have reached the maximum now,” 
in 7 years, “and we do know everything. We have gone all the limit, 
and nothing is going to happen from now on out, because we have all 
the answers, and everything that has gone before us has been a little 
bit foolish.” ' 

Colonel Conner. I think we progress along. We are smarter than 
the people were 7 years ago. 

Mr. Mitter. Do you think the people 7 years from now will be 
smarter than you are now? 

Colonel Conner. Yes, sir. 

Mr. Miter. I am glad to hear that. I accept that. I am glad to 
hear somebody from the Air Force say that. 

Colonel Conner. We will be in poor shape if we are not. 

Mr. Miter. I will tell the world we will be in poor shape; any 
time we quit progressing and any time we admit that we know it all, 
we are in pretty poor shape. 

Mr. Hésert. Mr. Courtney. 

Mr. Courtney. Mr. Chairman, it may be out of the sequence that 
we normally plan, but, Mr. Ferry, in answer to Mr. Bates’ question, 
you stated that in the new dispersal program it would be necessary to 
overlay some of the present bases. 

Mr. Ferry. Yes, sir. 

Mr. Courtney. With what substance or pavement would you over- 
lay? | 

Mr. Ferry. That would be a question of design recommendation 
from our Corps of Engineers on that matter, Mr. Courtney, depend- 
ing on the conditions at each of these bases. You see, a pavement con- 
sists not only of the pavement itself, but it consists of the subgrade, 
the subbase, the surface, the bearing values of the soil itself, and each 
one of these must be an individual engineering study by technicians 
who are competent to make this sort of an evaluation of how to make 
an overlay. 4 

Mr. Courtney. Well, let me ask you this question. Assuming your 
rigid-type pavement on any of these bases is inadequate to support 
the load, what do you do to overlay it or soup it up? 

Mr. Ferry. We have had just completed the overlaying of a con- 
crete runway with a concrete overlay, and we are watching it with the 
greatest of care to see if it is standing up. 

Mr. Courtney. That is the first such experience ? 
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Mr. Ferry. That is right. 

Mr. Courtney. And where did that occur? 

Mr. Ferry. Where was that? 

Colonel ALExanper. I can’t give you a specific case. We are doing 
one at Altus right now. That is a thin overlay at Selfridge. 

Mr. Courtney. A thin overlay at Selfridge ? 

Colonel ALEXANDER. Yes. 

Mr. Courtney. Has that method been tested in the laboratories? 

Colonel ALExANpER. Yes, sir. 

Mr. Courtney. And you are now putting it into operation ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. Is that the first such experience ? 

Colonel ALExANpER. No, sir. The Pennsylvania Highway Commis- 
sion put in a short section of this on the Pennsylvania Turnpike. 

Mr. Courtney. Well, you certainly don’t compare a turnpike op- 
eration with the kind of operation 

Colonel Arexanper. Not at all. 

Mr. Courtney. You discuss it here, do you ? 

Colonel Atexanper. No, sir. 

Mr. Courtney. Let’s stick then to the Air Force’s requirements. 

Colonel ALExaNnpER. The problem, Mr. Courtney, is when the exist- 
ing concrete pavement is adequate in strength, ut the top of it is 
spalled, and rough and eroded, then we don’t need strengthening of 
that pavement. We only need a smooth, hard surface. 

Mr. Courtney. Well, I understand that. You do have spalling 
and you do have failures of—surface failures. 

Colonel ALexanver. That is right. 

This is strictly a surface failure. That is what Mr. Ferry was re- 
ferring to. 


Mr. Courrney. I was talking about souping up pavements for 
strength. 

Colonel ALexanpeR. When you go to souping them up for strength, 
then you come on with several inches—10, 12, or 14 inches. 

Mr. Courtney. Of what? 

Colonel Atexanper. Of portland cement concrete. 

Mr. Courtney. And what else? 

Colonel ALtexanper. Flexible pavement—either one. 

Mr. Courtney. Either one. 

Colonel ALexanper. Yes, sir. 

Mr. Courtney. So at that point, your choice is an alternate choice. 

Colonel ALexanper. No, sir, I don’t want to mislead you. 

Mr. Courtney. All right. 

Colonel Atexanper. The Air Force criteria today specify port- 
land cement concrete in all the areas that he defined right there. 

Mr. Courtney. To shorten it up, what we are talking about now is 
the runway. 

Colonel ALexanper. Yes, sir. The runway would be overlaid with 
portland cement concrete. 

Mr. Courtney. Confine our questions solely to the question of run- 
way. 

Colonel ALexanper. That is right. 


Mr. Courtney. That seems to be the only issue or the difference of 
opinion. 
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Colonel Atexanper. Right. 

Mr. Ferry. Taxiways also. 

Mr. Ferry. Taxiways, and the runways would be overlaid with 
portland cement concrete if it is one of our major bases. 

Mr. Courtney. That is the change since 1954? 

Mr. Ferry. Yes, sir. 

Mr. Courtney. Now, what other experiences have you had, 
Colonel, on failures of runways? 

i Colonel Conner. We have the experience at Pinecastle Air Force 
ase. 

Mr. Courtney. And what was the nature of it? 

Colonel Conner. The nature of those was the subsidence all down 
through the centerline of the runway, caused by the heavy punching 
of hard tires and sheer weight of the aircraft in rolling. 

Mr. Courtnry. And when did this failure occur, and how extensive 
was it? 

Colonel Conner. This failure occurred approximately 1 year ago. 
We had transfer settlement from a zero to a 1-inch deep at midpoint, 
in some places 100 feet long, and in some places slightly deeper than 
that. 

Aircraft commanders were reporting that the unevenness of the 
surface causes the aircraft to skip and bounce, affecting breaking 
action, and porpoising. 

Mr. Courtney. What type of pavement are you dealing with on 
this runway ? 

Colonel Conner. This runway is asphaltic pavement in the center 
portion of the main runway. 

Mr. Courtney. And what weight or what load were you putting 
on the runway when the failures occurred ? 

Colonel Conner. That load was somewhat less than 100,000 pounds. 

Mr. Courtney. And for what load was the pavement designed ? 

Colonel Conner. 100,000 pounds. 

Mr. Courrney. And where did the failure occur, on the surface or 
in the subgrade? 

Colonel Conner. Both places, sir. 

Mr. Courtney. Both places. 

Colonel Conner. In all layers. From the base course through to 
the wearing course—the base course, the subgrade and the wearing 
course. 

Mr. Courtney. So that the whole design failed, did it not? The 
subgrade gave way and the pavement gave way ? 

Colonel Conner. It had some subsidence. 

Mr. Courtney. Which came first? 

Colonel Conner. That would be hard to say, sir. That is the 
reason I mentioned flexible pavement, because it is built up of these 
many layers, and a failure in any one of the layers can cause a failure 
of the entire structure. 

(The report on Pinecastle AFB, Fla., follows:) 


PINECASTLE AFB, Fa. 


Nature of failure: Settlement of flexible pavement. 

Time of failure: During 1956. 

Extent of failure: Approximately 7 feet wide and 10,000 feet long. 
Where located on runway: Along centerline. 
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Cost of repair: $197,166. 

When constructed: 1953. 

What aircraft weightload constructed for? 100,000 pounds on twin wheels. 

Had any reconstruction occurred? No. 

What aircraft were using base? B—47 and KC—47. 
Would failure have occurred regardless of surface-type pavement? No. 

Mr. Courtney. What other failures have you? 

Colonel Conner. Another failure at Castle Air Force Base, similar 
to the one 

Mr. Courtney. This again is runway ? 

Colonel Conner. This again is runway. 

Mr. Courtney. Let’s stick to runways, or taxiways. 

Colonel Conner. This is similar. to the one at Pinecastle, although 
the depressions are somewhat deeper. They go up to three-tenths 
of a foot in some places. 

Mr. Courtney. Again, for what weightload was this pavement 
designed ? 

Colonel Conner. Castle was designed for 100,000-pound pavement, 

Mr. Courtney. And what weight did you have on it? 

Colonel Conner. We had heavier weights than that on it, slightly 
heavier. We were using B—52’s, although they weren’t fully combat 
loaded. 

Mr. Courtney. But you exceeded the weightload of the pavement ? 

Colonel Conner. We exceeded the weightload. 

Mr. Courtney. And the pavement failed; is that right? 

Colonel Conner. Yes, sir. 

Mr. Courtney. Now, Colonel, to what do you attribute the failure? 

Colonel Conner. The failure on that one could have been any 
number of poor conditions in either—I won’t call it design, but prob- 
ably construction deficiency. 

Mr. Courtney, Construction deficiencies. 

Colonel Conner. Construction deficiencies, 

‘ Mr. Courtney. Just explain that a little bit so we don’t get lost 
ere. 

Colonel Conner. A construction deficiency generally results from 
poor inspection or a poor contractor, a contractor who will ride the 
edge of the specification and not give us our full measure of good 
aggregates, clean aggregates, and in general just deficient construc- 
tion practices. 

Mr. Courtney. Then you call that skimping on the job, isn’t that it, 
or skimping on the specifications or the performance? 

Colonel Conner. Yes, sir. 

Mr. Courtney. Is that right? 

Colonel Conner. It has been known to happen, yes, sir. 

Mr. Courtney. Then, if you were siked to state a conclusion, an 
engineering conclusion, as to what these failures were, what the cause 
of the failure was in this instance, what specifically would you tell 
the committee was your reason ¢ 

Colonel Conner. Not having the full report here with me, sir, I 
would rather the Corps of Engineers answer that from their report. 

Mr. Courtney. All right. Let’s pass that now. 

Colonel Conner. They make the report. 

Mr. Courtney. Let’s have the next runway or taxiway failure on 
which you base your conclusions. 

94407574 
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Mr. Héserr. I think it would be a good time to recess now. 

(Confers. ) 

Mr. Hépert. The committee will stand in recess until Wednesday 
at 10 o’clock. 

Mr. Ferry. Sir 

Mr. Héperr. Yes. Mr. Ferry? 

Mr. Ferry. I will be unable to attend due to a prior commitment 
with another subcommittee of the Armed Services. Will you excuse 
me, sir? 

Mr. Heéserr. All right. 

Mr. Miter. I would like to ask Mr. Ferry a question if you are 
going to adjourn until Wednesday. 

Mr, Hesert. All right. 

Mr. Mitier. Have you coordinated your studies with the CAB, who 
handle some of the design or pass upon the design of civilian air- 

orts ¢ 
. Mr. Ferry. Colonel ? 

Colonel Atexanper. No, sir. 

Mr. Ferry. No, sir. 

Mr. Mixer. That is all. 

Mr. Hésertr. The committee will stand in recess until Wednesday 
at 10 o’clock. 

(At 12 o’clock, noon, a recess was taken, to reconvene at 10 a. m. 
Wednesday, June 26, 1957.) 
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WEDNESDAY, JUNE 26, 1957 


House or REPRESENTATIVES, 
CoMMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D.C. 


The subcommittee met at 10 a. m., the Hon. F. Edward Hébert, 
chairman of the subcommittee, presiding, with the following mem- 
bers present: Mr. Hess, Mr. Gavin, Mr. Rivers, Mr. Cunningham, 
Mr. Bates, Mr. Hardy, Mr. Osmers, and Mr. Miller. 

Mr. Hésert. The committee will be in order. 

Mr. Courtney. Mr. Chairman, Colonel Conner has an addition to 
the record in answer to one of the questions that was addressed to him 
on Monday. 

Colonel Conner. Yes, sir; Mr. Chairman, during the hearing before 
your committee on June 24, 1957, the Air Force was questioned as to 
whether it had collaborated with CAB. 

Be advised that to the best of our knowledge, the Air Force has 
never collaborated with CAB on airfield pavement problems or poli- 
cies. On the other hand, there has been an exchange of information 
with other agencies such as CAA, the Transport Pilots Association, 
various commercial airport operators and airline operators, and in 
general the information which the Air Force passed on to these 
agencies was in the nature of answers to their queries regarding the 
Air Force experience with jet aircraft, pavement design, pavement 
policy, and so forth. 

Mr. Hésert. Now Colonel, do you care to elaborate any more? 

Colonel Conner. No, sir. 

Mr. Hésert. Anything further on your testimony of last Monday. 

Mr. Courtney. I will ask him. 

Mr. Chairman, on Monday when we recessed we were discussin 
Pinecastle Air Force Base, and the pavement failures there whieh 
the Colonel had addressed himself to, and we had concluded a dis- 
cussion of March Air Force Base, as to‘which a failure was reported. 

Those 2 bases are in a series of 8 that were mentioned by Mr. 
Ferry as cases in which failures had occurred on runways and were 
the basis or formed part of the basis for the engineering judgment for 
the changing criteria. 

Now Colonel, I would like to ask you—I notice the record did not 
indicate at the point of my questioning the amount of the failure in 
dollars at March Field, and at Pinecastle. Do you recall that? 

Colonel Conner. Yes, sir. 

Mr. Courtney. What was the amount of the failure in dollars at 
March? 
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Colonel Conner. At March Field, $72,000 were required to rehabili- 
tate the failed portion in the southeast 1 mile of runway. 

Mr. Courrney. And at Pinecastle—I had not come to that ques- 
tion—What is the situation there? 

Colonel Conner. At Pinecastle, we have not a firm estimate on 
that. The closest estimate that we have for the expected rehabilita- 
tion of Pinecastle will be in the neighborhood of $250,000. 

Mr. Courtnry. Now, Colonel, with reference to the causes of the 
failures as far as your engineering information runs, do you have an 
explanation, an engineering judgment or information with respect 
to the cause of the failures and location of the failures as they would 
appear in the structures to which you have addressed yourself? 

Colonel Conner. Mr, Courtney, for the information of the com- 
mittee, we would like to present some material in chart form that we 
have organized which will better explain the construction of flexible 
and rigid pavements, and the action of loads and stresses on those 
pavements. 

May we have permission to present that material ? 

Mr. Courtney. That would be applicable to March as well as Pine- 
castle ? 

Colonel Conner. Yes, sir. 

Mr. Courrney. Will you then proceed in your own way? 

Colonel Conner. Thank you. 

Colonel Alexander, will you explain the chart ? 

Colonel Atexanper. This chart shows comparative sections of rigid 
pavement, and flexible pavement. 

Our main purpose is to try to clarify in everyone’s mind just what 
goes into making up the two pavements so that we can discuss them 
as a total structure. 

In this Deane case, the pavement—the rigid pavement is de- 
signed with a K of 50. The “K” is an indicator of the bearing quali- 
ties of the soil. K of 50 is considered low. 

In the flexible pavement, it is a comparative index, but we call it 
in this case a CBR, or California bearing ratio. 

This indicates in both charts the setet thichoain of the two types of 
pavements. 

Mr. Courrney. That is, you include the substructure at both of 
those ? 

Colonel Atexanper. The substructure beneath this and the K and 
the CBR are indicative of the strength of the substructure. The whole 
thickness of the pavement structure is based on the bearing quality 
of the substructure, and the type of traffic that will be imposed on the 
pavement. Notice in the case of the rigid pavement this has a thick- 
ness of portland cement concrete of 21 inches, and a high-quality sub- 
base or filter course of 4 inches. 

In the case of the flexible pavement, it is made up of a multiple 
of layers, starting out from the bottom of what we consider high- 
quality subbase. 

That would be a total thickness of 72 inches. That would vary in 
quality as the layers are built up and compacted on the subgrade. On 
top of the high quality subbase will come a higher quality crushed 
stone base course. That is 8 inches. On top of that come 2 layers of 
asphaltic concrete, a total of 4 inches. They are made up of a binder 
course, and a surface course. 
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Mr. Hess. Colonel, I am not quite clear on this. Do I understand 
you will have 7-foot thickness for the flexible pavement ? 

Colonel Atexanper. For this foundation condition, yes, sir. 

Mr. Hess. What is the foundation composed of? Gravel? 

Colonel ALexanber. No, sir. With a CBR of three—— 

Mr. Héserr. What is CBR? 

Colonel Atexanpver. California bearing ratio, and it is an index 
of the shoring quality of the soil. 

Mr. Hess. I am referring to the 72-inch base now. What is that? 

Colone] Atexanprr. The 72-inch base would improve in quality as 
it goes up. In the lower layers, if a pit was available, it might be 
pit-run material, just as we might take it out of a gravel pit without 
screening or crushing. As we got higher up, then we might have to 
screen out the substandard material to improve the quality of the base 
course as you come up. When you get to this top 8 inches, that is the 
highest quality of crushed stone. 

Mr. Hess. You have 7 feet of flexible pavement, as against slightly 
over 2 feet for rigid pavement. 

Colonel ALExaNprER. 25 inches, yes, sir. 

Mr. Hess. To carry the same load. 

Colonel ALEXANDER. Yes. 

Mr. Héserr. Mr. Courtney. 

Mr. Courtney. You would have 7 feet of material in depth? 

Colonel Atexanper. Of material. 

However, we consider and I think it is necessary to consider that 
the entire thickness is the pavement. This entire thickness is the 
pavement, in both cases (indicating). 

Mr. Harpy. May I ask him a question, Mr. Chairman ? 

Mr. Héperr. Mr. Hardy. 

Mr. Harpy. So we will know what we are talking about, let us have 
a definition of poor subgrading. 

Colonel ALexanper. A poor subgrade would be clays with a higher 
moisture content. 

Mr. Harpy. What does that mean, Colonel ? 

Colonel Atexanprer. That means—well, let me see here. Around 
Norfolk you have your water depositing soils. You would have mud- 
pockets—— 

Mr. Harpy. Colonel, anywhere you get around Norfolk in the 
average season, if you go down that deep you got water. 

Colonel Atexanver. In that case, we would build up. We would 
have to build up to stay above the water table. 

Mr. Harpy. With 7 feet of stuff down there, you would be right 
in the water table, most anywhere you got a runway. 

Colonel Atexanper. Remember, Mr. Hardy, here we are carrying 
240,000 pounds on twin-twin gear. Now, that means 240,000 on 4 tires. 
That is 60,000 pounds 

Mr. Harpy. Let me just ask you one question. 

Colonel ALEXANDER. Yes. 

Mr. Harpy. What is the elevation of Langley Field / 

Colonel ALExANDER. I don’t know, sir. 


Mr. Harpy. Mr. Chairman, I just wanted to get what he had to say 
about that. 
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Mr. Héperr. Let me ask about this subsurface situation. In se- 
lecting the site for airbases and airfields, the sites are selected ac- 
cording to their strategic location ; is that right ? 

Colonel Atexanper. Yes, sir. 

Mr. Hésert. And you must accept the condition of the terrain or 
the soil or the subsurface conditions as you find them and build ac- 
cordingly. 

Colonel Atexanper. Within certain limits. 

Mr. Héserr. I know. 

Colonel ALexanpeER. Yes, sir. 

Mr. Hésert. In other words, the guiding factor is the geographi- 
cal location ? 

Colonel Atexanver. That is correct. 

Mr. Hésert. And having selected the geological location, you 
then have to resolve or meet the problem of soil conditions? 

Colonel Atexanpsr. That is correct. 

Mr. Héserr. Regardless of cost? 

Colonel Atexanper. We attempt to get better sites. Normally, 
within a radius of, we will say, 100 miles you can find a satisfactory 
site. 

Mr. Hésert. But not being able to find a satisfactory site, then 
you would be compelled to accept the situation as it exists? 

Colonel Atexanver. That is correct. 

Mr. Héserr. Regardless of the cost ? 

Colonel Conner. No, sir. 

I would like to qualify that answer a little bit. The first con- 
sideration for the selection of a site is its strategic location. How- 
ever, if there are other considerations such as the economy, a long, 
hard look is given at that question before we decide to go ahead. 

We do not proceed regardless of cost, except in some very, very 
high priority instances. 

Mr. Hésert. In this instance, Colonel—and the reason I am asking 
this question is because it is rather personal to me, in the area where 
I come from, but I think it is a good idea to find out the overall 
program. 

nder construction in the New Orleans area is the Alvin Callendar 
Field, which is the first reserve training center in the United States 
to be built. It is a combination of the Air National Guard, the Navy 
Reserve, and the Air Force Reserve. 

Obviously, in order to attract, the reserve units in a certain area, 
availability and transportation are the two main factors, 

So you could not have a reserve training center, say, 100 miles away, 
as the colonel has suggested, because you wouldn’t get anybody there. 
It would just be a place that was not available and the reservists 
could not get there. 

In the New Orleans area, Alvin Callendar site, the site of a previous 
airport, was selected, and there was a great deal of local comment 
because of the soil, that this was not a good site. 

Yet, in the face of the cost it was selected. That is the type of 
problem I refer to. You couldn’t control cost. You had to have the 
center. You had to have it available. And regardless of cost, you 
had to build it. That is what I meant. 
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Colonel Conner. That qualifies under my statement, that certain 
fields because of their overriding priority are built no matter how 
much they cost. 

Mr. Hezerr. No matter how much they cost. So then the main 
and the most directing factor is the strategic locations for its mission ; 
is that a correct statement ? 

Colonel Conner. Yes, sir. 

Mr. Hésert. Isn’t that a factor ? 

Colonel Conner. Yes, sir. 

Colonel Atexanper. Mr. Chairman, I wanted to point out, though : 
the loading for this design is 240,000. It comes down to 60,000 pounds 
on one wheel. And that approximates the load of a railroad car, on 
many wheels, and on steel tracks, the crossties and many feet of 
high-grade ballast. 

Mr. Courtney. Colonel, before you leave that, may I ask just two 
questions so the record will be clear. This, of course, is a hypothetical 
case. 

Colonel ALExanpdeEr. On a poor subgrade. 

Mr. Courtney. On a poor subgrade. 

Colonel ALExanper. Yes, sir. 

Mr. Courtney. On a California bearing ratio of 3, which you con- 
sider very poor or likely to sink 

Colonel Arexanper. Yes, sir. 

Mr. Courtney. Under a weight load of this character. 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. It assumes an equal weight load on top, does it not, 
on both 

Colonel Arexanper. They are both designed for the same load. 

Mr. Courrnry. Yes. And it assumes a clean surface on which to 
build. 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. That is right. 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. At the point where you commence to show the fill 
or whatever you call it, above the line indicating subgrade. 

Colonel Atexanper. Yes, sir, subbase. 

Mr. Courrney. Of course, there is a difference in the cost of the 
materials regardless of the total volume; isn’t that right? 

Colonel ALExanperR. Very much difference. 

Mr. Covurrney. Do you have any comparative figures on the cost 
of one design, material versus material, of the rigid type pavement? 

Colonel Atexanper. We could give you those estimates. I don’t 
have them available, but we could estimate per square yard 

Mr. Courtney. I notice you use 21 inches, for example, as an over- 
lay on portland cement, in the illustration which you have used. I 
also observe that in the data which the subeommittee has, the general 
density of the rigid pavement is from 14 to 17 inches, the greatest 
depth I have observed. Isthe 21-inch the new criteria ? 

Colonel Atexanper. I can best answer that by our new load design 
criteria published approximately a year ago. 

When we published that criteria in collaboration with the Corps of 
Engineers, we devised 3 types of traffic for an airfield—A, B, and C. 

The A traffic is known as channelized and that is the thickest. 
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The B traffic is next, and that is an intermediate. 

The C traffic is the least-traveled portion of an airfield. 

Now we have airfields—extreme case that I can recall at the moment 
is Amarillo and it runs up in the “A” traffic area to 27 inches. 

Mr. Courtney. Of concrete ? 

Colonel ALExaNnprr. Of concrete; yes, sir. 

So the 21-inches merely is an indication of the same traffic for the 
two. 

Mr. Courtney. Is this a fair question, before you pass it. Assuming 
the conditions that you are required to meet, the volume and character 
of material that appears on the righthand side of the chart for flexible 
pee and the volume and character of material you show on the 

eft side would be equal in performance, is that what you are trying to 
say 

Colonel ALexanprr. Theoretically ; yes, sir. 

Mr. Courtney. Theoretically, it 1s equal. 

So far as an engineering judgment is concerned, then, both those 
configurations and material would render an equal and a satisfactory 
service so far as engineering judgment is concerned ? 

Colonel ALexanper. That is the theory; yes, sir. 

Mr. Courtney. And at that point, then, your confrontation would 
be the question of cost, isn’t that right? 

Colonel Arexanpver. That is correct. 

Mr. Harpy. Mr. Chairman, could I ask him a question ? 

Mr. Héverr. Mr. Hardy. 

Mr. Harpy. How many runways do you have that are constructed 
and in use presently to the specification of each of those two? 

Colonel ALExANper. I can’t answer that, sir. 

Mr. Harpy. Do you have any? 

Colonel ALexanper. Yes, sir. 

Mr. Harpy. Do you have any constructed to the specification that 
you have demonstrated here with respect to your flexible pavement? 

Colonel Atexanper. I could cite you Limestone, which was built 7 
or 8 years ago, and because of the frost condition, Mr. Hardy 

Mr. Harpy. That is not the same problem, though, Colonel. 

Colonel ALexanper. Well 

Mr. Harpy. It wasn’t done because of your bearing ratio, was it? 

Colonel ALExanprer. Only because when you have a frost condition 
your bearing ratio drops. So when you have frost going out of a soil 
you have an excess moisture, so your bearing condition does drop. 

Mr. Harpy. Is Limestone built to that specification ? 

Colonel Atexanper. Not for 240,000; no,sir. It was 100,000 pounds. 

Mr. Harpy. Does Limestone have that 72 inches of built-up sub- 
base ¢ 

Colonel ALexanper. It has a little less. As I recall, it is in the area 
of 62 inches. 

Mr. Harpy. So actually, you don’t have any runways that are built 
for those specifications, with your flexible pavement ? 

Colonel Atexanper. I can’t answer you definitely, Mr. Hardy. I 
could determine that. 

Mr. Harpy. So it is just a theoretical proposition you have there? 

Colonel ALExanper. Yes, sir. 

Mr. Harpy. All right. 
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As long as we are talking about theory, just one other question. 
Your bearing ratio of your subgrade under the total of 25 inches, 
under the rigid pavement at that point—your bearing ratio there 
is supposed to be the equivalent of the bearing ratio over here at a 
distance of 7 feet ? 

Colonel ALexanver. That is correct. 

The load is distributed in such a way, from this point to this point, 
and this point to this point, that it would be equal. 

Mr. Harpy. Wait. Let’s make one other assumption. 

Colonel ALEXANDER. Yes, sir. 

Mr. Harpy. If the bearing ratio at a position of 7 feet below 
grade, as in the case of your flexible pavement, is equal to the bearing 
ratio at a distance of 2 feet over on the other side, does it follow that 
you started off with the same type soil ? 

Colonel ALexanver. As I understand the question 

Mr. Harpy. What I am talking about is—you have gone down a 
distance of 7 feet in one case, and a distance of 2 feet in the other case. 

Colonel Atexanper. I think I understand. 

In most of these airfields, due to spread that is a great deal of 
cutting and filling. If we had a 7-foot section, it might be fill or it 
might be cut. And the bearing quality of the soil that would be 
under that would be taken or determined. 

So in spite of the depth of the section in either case, to make a 
comparison you have to assume that they were the same, regardless 
of the depth of the two sections. Otherwise, we couldn’t compare 
them. 

Mr. Harpy. Well, the question that is in my mind now is whether 
you have a comparable situation. I don’t know. Because if you 
start off with a pretty level field, your bearing quality at 2 feet below 
grade is going to be entirely different from what it is going to be 
1 feet below the grade. 

Colonel Atexanper. It could be. 

Mr. Rivers. Surely. 

Colonel ALExanper. Yes; it could be or couldn’t, either way. 

Sometimes we have to strip off several feet of a field and waste 
it because it is unsuitable. And you might have better material, or 
it might be just the contrary. Soil is such an extremely varying 
material that even it varies from one end of the runway to the other. 

Mr. Harpy. My point is simply this, if you start off with a particu- 
lar field, a particular location, a particular soil condition, you are not 
going to have comparability as servants your cut 2 feet deep and a 
cut 7 feet deep. That is the whole question that is in my mind. So, 
if you start with the same field, you can’t compare these two, because 
your condition 7 feet below grade and 2 feet below grade are going 
to be different. 

Colonel Arexanper. Well, I can’t agree with you fully, sir. In 
some cases it will, and 








Mr. Harpy. I didn’t expect you to agree with me fully, Colonel. 

Colonel ALExAnpeER. Yes. 

Mr. Hess. Colonel, could you give us the comparable cost of the 
type of construction for flexible pavement, as you show on your chart 
here, and the cost for the rigid pavement ? 
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Colonel ALEXANDER. We can furnish that to you, sir. I don’t have 
it handy, but we can 

Mr. Hess. Offhand, would you say, which was the greater? Now, 
you are going down 7 feet with one, and the other one 25 inches. 

Colonel Atexanver. I have another chart of good subgrade, Mr. 
Hess. Let me pull them both out. 

Now, in talking about poor quality subgrade—that is the bottom 
chart. 

Mr. Hass. Yes. 

Colonel Atexanper. Normally, the portland cement concrete is 
competitive or is less expensive. 

Mr. Hxss. What is this? 

Mr. Courtney. You mean with a poor subgrade? 

Colonel ALexanprer. With poor subgrade, normally rtland 
cement concrete is more economical, in first cost. Now, when you 
come to this other chart, where you have a CBR of 30 and a K of 300, 
you will notice that the flexible pavement drops to a total thickness of 
17 inches. You get a tremendous credit for a good subgrade with 
flexible pavement. Whereas, the portland cement concrete drops to 
25 inches. 

Mr. Courtney. Twenty-six inches difference between the two there. 

Colonel Arexanper. Yes, sir. 

Mr. Courtnzy. The total. 

Mr. Mitxier. Two inches. 

Colonel Atexanper. Two inches total. 

Mr. Hass. Yes, I see. 

Colonel Atexanper. In this case of a good subgrade, the flexible 
pavement is normally more economical, on first cost. 

Mr. Héserr. Mr. Rivers? 

Mr. Rivers. Well, then, if you go down 7 feet on that other chart, 
the flexible pavement wouldn’t be worth putting down anyway. It 
would cost you more to start with, and your maintenance. You 
— have more maintenance on flexible runways than you have on 
rigid. 

Colonel Arexanper. That is correct. 

Mr. Rivers. Everybody knows that. I wanted to ask you awhile 
ago when Mr. Hardy was bringing it up. When you go down 7 feet 
in my part of the world—you might get into the water table, when 
you go down 2 or 3 feet. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. And water is right in your face. 

Colonel Auexanper. That is right. 

Mr. Rivers. So if you go down 7 feet in the part of the country I 
come from you will hit water every time. I don’t know what you 
will have todo. You will have to go through a lot of sealing processes 
on the flexible. 

Colonel ALexanver. Either that or build up. 

Mr. Rivers. Build up, one of the two. 

Colonel ALEXxaNpER. Yes, sir. 

Mr. Rivers. You couldn’t godown. As Mr. Hardy says, you would 
have to start with a good subbase. You couldn’t recommend a flexible 
pavement like that, could you? 

Colonel ALEexanper. No, sir. 
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Mr. Rivers. Seven feet. 

Colonel ALexanvrr. No,sir. The Air Force feels that the portland 
cement conerete does your job. 

Mr. Rivers. On that analysis. 

Colonel ALexanper. Yes, sir. 

Mr. Rivers. But on this analysis, you are different, is that right? 

Colonel Avexanprr. No, sir. This is still only for comparative 
purposes. 

Mr. Héserr. Suppose you continued explaining this one now. 

Mr. Rivers. Yes. 

Colonel Atexanper. All right, sir. 

In this case, you know that the “K” is 300, as I mentioned and the 
“CBR” is 3. 

The loading is 240,000 pounds. In this case the subbase is only 5 
inches as contrasted to 72 inches. 

Your crushed stone base course is still 8 inches, being identical-with 
this section, and your asphaltic concrete is 4 inches which is made up of 
binder course and surface course. On the rigid pavement, the high- 
quality filter course is omitted and you end up w ith a 15-inch portland 
cement concrete slab. 

Mr. Courrney. Two questions. 

One. Comparing the flexible design which you have seven on the 
right-hand side, of the chart, and the rigid pavement on the opposite 
side of the chart, will each render the same service, an equal service? 

Colonel] ALexanper. It has not been our experience that that is 
true, Mr. Courtney. 

Mr. Covrrney. Then, w hy would you compare any designs which 
would not render equal service ? 

Colonel Atexanper. We do have cases, that is we have locations 
where it is necessary for us to build flexible pavement. 

Mr. Covurrney. But would you build a flexible pavement which 
was inadequate to do the service required of it? 

Colonel ALexanper. We realize that ‘we will have problems with 
the flexible pavement in these locations, but we also feel that the 
initial first cost and the location is such that it is the only thing we 
can construct, 

Mr. Courtney. There is some point then in your thinking at which 
cost becomes a factor? 

Colonel Avexanpver. Yes, sir. Cost and construction time. The 
best example I can give you is on your Arctic bases where the con- 
struction season is so very short that we would not have the time to 
put in a concrete base. 

Mr. Courtney. You have another factor there, too, and that is 
temperature, of course, for the laying of concrete, is that’ right? 

Colonel] ALEXANDER. Yes, sir. 

Now, you can lay concrete—— 

Mr. Courtney. Let me ask you this now, before you pass this. 
Since these two designs are not comparable to do an equal service, 
would it be possible in the case that you pose now to design a flexible 
type pavement which would be comparable in service to the cement 
slab which you have shown ? 

Colonel Arexanper. We have—this is a point I think Colonel Con- 
ner would like to touch on. 
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Mr. Courtney. Well, whoever wants to answer the question. 

Colonel Atexanper. That is on our investigational program. If 
you want to take that here? 

Mr. Courtney. Are you ready for that now? 

Colonel Atexanver. If you would like to go into that now ? 

Colonel Conner. If we finished ? 

Mr. Mirier. Why did we have a 2-inch binder course in the good 
pavement and an 8-inch binder course in the other one? By the time 
you bring them up to that level aren’t you supposed to have leveled 
off the differences ¢ 

Mr. Harpy. No. 

(Further aside.) 

Mr. Mur. No, I didn’t. This shows 4 and 8, or 12 inches dows 
here. And 8-inch 
Colonel Atexanver. This is an 8-inch crushed stone base course. 

Mr. Muuer. All right. 

Colonel Atexanper. The binder and the surface makes up 4 inches 
on both charts. 

Mr. Rivers. Could I ask him a question before we leave this, Mr. 
Chairman ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. Now 240,000—you are talking about a B-52? 

Colonel ALExanpeEr. Yes, sir. 

Mr. Rivers. The reason it is so fresh in my mind—I saw a picture 
of that B-52 last night. That isa mightly big airplane. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. Now this question ought to go to the Army Engineers, 
but you are an engineer yourself ? 

Colonel Arexanper. Yes, sir. 

Mr. Rivers. And you think you are as good as they are, don’t you? 

re you don’t, you ought to—I imagine you are and I think you are 

ood. 

Colonel Atexanper. Thank you. 

Mr. Rivers. I think all of you are good. Can you envision a 
runway out of asphalt that you would be perfectuly satisfied with to 
use for a B—52 for an indefinite period of time ? 

Colonel Atexanver. No, sir. 

Mr. Rivers. You wouldn’t feel safe on any kind of flexible runway 
for a B—52 for an indefinite period of time ? 

Colonel Arexanper. Our experience doesn’t bear out that we would 
get a satisfactory pavement for an indefinite period of time. 

Mr. Rivers. You don’t think we have arrived that far in our prog- 
ress with asphalt ? 

Colonel Atexanpver. That is correct. 

Mr. Rivers. Is that your statement? 

Colonel ALexanper. Yes, sir. 

Mr. Gavin. Would the gentleman yield at that point? 

Mr. Rivers. I yield. 

Mr. Gavin. Yesterday you indicated that this flexible pavement was 
still in the experimental state and you were making a very intensive 
study of it at the present time. What progress have you made on that 4 

Colonel Atexanper. I would like to pass that to Colonel Conner, 
Mr. Gavin. That is in our investigational program. 
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Colonel Connzr. We have had a program going for the past 7 or 8 
years. We have spent about $8 million in investigational engineering 
and research in furtherance of that program. 

Mr. Gavin. Who is handling that—you or the engineers? 

Colonel Conner. We are handling it through our construction 
agent, the Corps of Engineers, at their laboratory at Vicksburg, Miss. 
That has been one of the points that we have tried to bring out, that 
we are able in some cases to produce pretty good pavements in labora- 
tories, but it is quite a different thing when it is produced by the con- 
tracting industry. You don’t always get a good job. And we feel 
that the money that we are putting into these pavements—we can’t 
take the chance on getting a substandard pavement. 

Mr. Gavin. Well, as far as you have gone now in your studies and 
research, you are satisfied that the flexible pavement is not the answer 
to the type of equipment we are flying today ; is that right ? 

Colonel Conner. At this point in time, yes, sir. 

However, in this 1957 year we gave the Corps of Engineers approx- 
imately $700,000 to further experiment with rigid pavements in their 
laboratory in Cincinnati. 

We had approximately the same amount staked out for them for the 
flexible laboratory. However, we only gave them about $400,000 for 
that experimentation. We felt at this time at least that there wasn’t 
any use in further experimentation with the flexible pavements in light 
of our experience. 

Mr. Gavin. In other words, you spent about $8 million so far in your 
studies on flexible pavement, and they haven’t come up with anything 
yet that satisfies you as being comparable to concrete, is that right ? 

Colonel Conner. Yes, sir. And I might say further that I am not 
wholly convinced that there aren’t more uses for asphaltic pavements 
and that I think we will further consider some additional experimen- 
tation with asphaltic pavements, because we have a lot of pavement 
down. We know that in the future we are going to build some more 
in certain places and I think: it is incumbent on us to keep our tech- 
nology current and try to see if there is not some way to build better 
asphaltic pavements. 

Mr. Gavin. Well, the studies you are making on the concrete—what 
are you finding out there ? 

Colonel Conner. We are improving our design knowledge on con- 
crete by putting down test sections, of reinforced and prestressed and 
post-tension sections, to see if we can’t find some means to get this hor- 
rible 21-inch slab down within manageable and reasonable proportions, 
at lower cost. 

Mr. Gavin. Thank you, Mr. Rivers. 

Mr. Rivers. I wanted to ask you: You say you can’t envision for 
any indefinite period of time, or say a reasonable time, that a flexible 
runway would be satisfactory for the 240,000 pounds. 

What about the 47, the B-47? 

Colonel Atexanper. I would say the same thing. It imposes a 
very similar load and approximately the same type of traffic. The 
gear configuration is very similar. So the actual wear and stress on 
the pavement would be very similar with both types of aircraft. 

Mr. Rivers. Because you have the same weight per wheel? 

Colonel ALEXANDER. Approximately. 
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Mr. Rivers. Why I asked you that: When we were down at Home- 
stead, Fla.—Mr. Hardy was there—I noticed, myself, at Homestead, 
Fla., when we went down there on the housing—a place down there 
in the parking apron, I believe, where it looked like somebody had 
pushed it up like putty. 

Colonel ALExaNpER. Yes, sir. 

Mr. Rivers. I don’t know what caused that. But that was at Home- 
stead, Fla. That is where they had 

Mr. Harpy. We thought that was blast damage, I believe, didn’t 
we? 

Mr. Rivers. What? 

Mr. Harpy. Blast damage, I think. 

Colonel ALexanper. There has been some blast damage. 

Mr. Rivers. Parking, too. , 

Colonel ALExANDER. There have been some steel shoe jacks on the 
pavement at Homestead. 

Mr. Rivers. That is why I wanted to ask you about both of those. 
Now you have your twin-twin gear there. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. And on the 47 it is a little different ? 

Colonel ALExanper. It is twin gear. 

Mr. Rivers. So you may have the same weight per axle? 

Colonel ALexanprr. Per wheel, roughly. 

Mr. Rivers. Per wheel? 

Colonel ALExaNpeER. Yes, sir. 

Mr. Courtney. Colonel, a question right there. Your new criteria 
now specifies that the parking area will be of concrete, isn’t that right ? 

Colonel ALExANDER. Yes, sir. 

Mr. Courrney. What you were dealing with at Homestead was 
a condition that had previously existed without reference to the 
present criteria? 

Colonel Atexanper. That is correct. 

Mr. Rivers. I think so. Mr. Courtney, I agree with you. 

Mr. Courtney. Yes, 

Mr. Rrvers. I think, too, there will come in—as I asked the other 
day and Mr. Ferry replied, too. Under your dispersal program you 
may have to redesign and rebuild a lot of these bases now for parking, 
under your new criteria. 

Colonel Conner. Yes. 

Mr. Héserr. Colonel, will you proceed. 

Colonel Conner. I may add that in addition to this experimentation 
the Air Force felt like it was spending quite a little bit of money on 
research and development and we asked our Corps of Engineers to 
inquire of the asphalt industry if they were agreeable to sharing some 
of this experimentation cost with us and we would put some more 
money into it. 

Their reply was that they were not interested in sharing this cost 
of further experimentation. 

Mr. Rivers. What about the concrete industry making a thinner 
slab over there? Did you ask them to help you on that, too? 

Colonel Conner. No, sir. 

Mr. Rivers. You want to get a thinner concrete slab, don’t you? 

Colonel Conner. Yes, sir. 
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Mr. Rivers. Why don’t you ask the concrete industry to see if they 
will help you with the thinner slab? I think that would be fair. 

Colonel Conner. It would. However, both industries have been 
very helpful. The concrete industry furnished consultants to us in 
the United Kingdom, as well as the asphalt industry. 

Mr. Rivers. I think both of them are cooperating. 

Colonel Conner. We feel it should be a cooperative effort. 

Mr. Courtney. Colonel, do you want to continue with your charts? 
I think there is another one there, isn’t there? 

Colonel ALexanper. Yes, sir. There is one other chart that showed 
the gear configuration of the aircraft. I don’t know that there were 
any questions on this. But it does show the distribution of loading 
of our most up-to-date airplanes that have given us the most trouble. 
Of course the B—52, with the 4 wheels here and the 4 wheels here, 
and the B-47 with 2 and 2, are really the ones that impose the heaviest 
load. 

Mr. Rivers. What does a loaded KC-135 weigh, a loaded one? 
Because they are always loaded when they go off, aren’t they? 

Colonel Atexanper. Yes, sir. I believe it is 250,000 pounds. It 
would be approximately that. 

Mr. Rivers. They don’t go off empty, not a KC-135. 

Colone] ALexANpeR. That is correct. 

Mr. Courtney. Colonel, in discussion of the weight load, the con- 
tribution of the weight load is not the same on all of the wheels is it? 

Colonel ALexanper. No, sir. 

Mr. Courryey. Let’s take the B-52, which probably is the heaviest 
airplane unloaded, isn’t it? 

oloned ALEXANDER. Yes, sir. 

Mr. Courtney. Is that the one which you are designing for now? 

Colonel ALexanver. That is the basis of our criteria. The forward 
gear carry approximately 48 percent of the load. The rear gear carry 


52 percent. 
gS this is the worst condition, with this rear gear. These outrigger 
gears only carry a load when it is fully loaded and it may be on a 
turn and it may be wobbling slightly —— 
Mr. Rivers. It varies. 
Colonel ALexanper. The outrigger gear will take up the load. 
Mr. Courtney. Your prime consideration is the principal landing 
ear? 
. Colonel Atexanver. Yes. To take the load of the outrigger gear, 
as Colonel Conner mentioned, we do use flexible pavement for our 
shoulder stabilization and that is built for 10,000 pounds per wheel 
load. That is along all of our taxiways. 
Mr. Courtney. Now just while we are on that subject of weight, 
I want to be sure we have a full understanding of the extent of the 
problem. 
CAA rates—according to my information—a loaded B-52 at 
300,000 to 400,000 pounds. 
Colonel ALexanper. That was the first model, sir. 
Mr. Courtney. That was the first model. But the present model, 
in its present form, loaded and ready to take off for a business 
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Mr. Courtney. Is 456,000 pounds? 

Colonel ALExaNpER. Yes, sir. 

Mr. Courtney. And the design we are talking about here today: 
that is based on the distribution of that 456,000 pounds, 48 percent 
on the front gear and 52 on the rear gear? 

Colonel Atexanper. That is correct. 

Mr. Courtney. And that comes to what per wheel ? 

Colonel Atexanper. Roughly 60,000 pounds. 

Mr. Courtney. At the maximum—— 

Colonel Auexanper. That is correct, on the rear 4 wheels. 

Mr. Courtnry. On the rear 4 wheels? 

Colonel Atexanper. Right, sir. 

Mr. Courtney. Now generally throughout this discussion we have 
been talking about a load of 100,000 pounds. Would that be con- 
sidered a margin of safety ? 

Colonel ALexanper. No, sir. When you talk about 100,000 
pounds, you are talking about that on 2 wheels. That was our cri- 
teria up until approximately a year ago. 

Mr. Courtnry. Then would we understand that the weight prob- 
lem is decreasing ? 

Colonel ALexanperr. Increasing, sir. 

Mr. Courtney. Increasing because of the total load ? 

Colonel Atexanpver. We have gone from 100,000 pounds—— 

Mr. Courtney. On 2 wheels? 

Colonel Atexanper. On 2 wheels, to 240,000 pounds on 4 wheels. 

Mr. Courtney. That so far as you know, Colonel, is your maxi- 
mum requirement at the moment ? 

Colonel Atexanper. Yes, sir. 

Mr. Courtney. And for the immediate future? 

Colonel ALExanper. Yes, sir. 

Mr. Courrney. Now as I understand it, the B-47 loaded, which 
is now in service, is somewhat less than the B-52. I think that is 
rated—CAA rates that loaded at 200,000 pounds. 

Colonel Atexanper. It has increased slightly on later models. 

Mr. Courtney. It would be well within the compass of the B-52 
loaded ? 

Colonel Atexanper. Yes, sir. 

Mr. Rivers, Colonel, could I ask you on that wheel proposition ?’ 
Now on the B-52 you have 60,000 pounds on each wheel ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. How much do you have on each wheel on a KC-135— 
each wheel ? 

Colonel ALexanper. Approximately—— 

Mr. Rivers. Loaded, I am talking about. 

Colonel ALexanper. 31,000 pounds. 

Mr. Rivers. Loaded ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. No. 

Mr. Rivers. Loaded ? 

Mr. Hess. It isn’t loaded. 

Mr. Rivers. Not loaded. 

Colonel ALexanper. Yes, sir, 125,000 pounds on twin tandem. Twin 
tandem is 4 wheels. 
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Mr. Courtney. Oh, yes, that is right. 

Colonel ALExanper. Yes. 

Mr. Courtney. All right. 

Colonel Atexanper. Now there is another thing to consider here 
when you are talking about loads and tires and that is the contact 
area of the tire, which comes back to what is the tire pressures. That 
affects pavements very much. 

The tire pressures on the B-52—they are now running close to 225 

Si. 
Mr. Courtney. 225 pounds per square inch? 

Colonel Atexanper. Pounds per square inch, yes, sir, as com- 
pared—I don’t know what the tire pressure of the KC-135 is, but it 
is a commercial type aircraft and you find very few of those that will 
exceed 80 or 90 pounds per square inch. They maintain a softer tire 
to help the pavement problem. Also in the high performance air- 
craft, the high pressure tires are necessary to reduce the volume 
needed for the gear in the aircraft frame itself. 

Mr. Hésert. Is that all of your presentation there, Colonel ? 

Colonel ALexanper. Yes, sir. 

Mr. Hésert. Now Colonel Conner, you have something further? 

Colonel Conner. I would ask Colonel Alexander if he would ex- 
plain to the committee the way the loads are stressed from the top 
of the pavement, at the point of contact to the tire, into the subgrade. 

Mr. Héserr. Colonel Alexander. 

Colonel Conner. It has a bearing on it. 

Mr. Courtney. This is the second of the two charts that you have 
been using, so the record will be clear. 

Colonel Conner. It will be typical of any. 

Mr. Courtney. I want the record to be clear. 

Colonel Atexanper. As the load is imposed on here, the pavement 
structure is a means to distribute that load and reduce the pounds 
per square inch that come onto the natural soil of the subgrade. And 
it is evident, if you will reflect on it a minute, that the rigid type pave- 
ment has a greater characteristic of distribution of load for inches of 
thickness than does a flexible type pavement. 

Mr. Courtney. Colonel, could you illustrate how the load is dis- 
tributed downward, in any way, so we may have it graphically? You 
need a pencil ? 

Colonel Atexanper. Yes. I will draw right on these sketches. 

Colonel Conner. Turn it around and write on the back. 

Colonel Atexanper. In the case of the rigid, the tire 

Mr. Rivers. 60,000 pounds. 

Colonel Atexanver. A load of 60,000 pounds. It will be spread 
down through, like this [indicating], through the pavement, and 
form a bulb of pressure 

Mr. Courtney. In the subgrade? 

Colonel Atexanver. In the subgrade. It is of this order. 

Tn the flexible pavement, the same load 

Mr. Courtney. Yes. 

Colonel Atexanper. In your flexible pavement you get a similar 
bulb of pressure. It is necessary to make this thicker, so that when 
you reach the bottom of the pavement section your p. 8. i—that is 
pounds per square inch—right there and right here, will be the same. 
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So you have to make this, right here, thicker, to get that distribution; 
so you come down here and so your bulb will come out like this. 

Goin back to—— 

Mr. Courtney. That simply means there must be a greater volume 
of material, whatever it may be, between subgrade and surface on the 
flexible pavement versus the concrete pavement; is that right? 

Colonel Atexanper. That is correct; to get the distribution of 
stress through the pavement structure. 

Mr. Courtney. Then it becomes a question of volume and a ques- 
tion of cost in the distribution of weight ? 

Colonel Atexanper. Availability of aggregates as well; yes, sir. 

Mr. Courtney. That is right. 

Mr. Harpy. Your bulb on your flexible pavement is bigger; is that 
the idea? 

Colonel ALtexAnper. Yes, sir, 

Mr. Rivers. What law are you quoting there? What law of 
physics or geometry or whatever you call it? What kind of law is 
that ? 

Colone] Arexanver. I don’t know, unless it is Newton’s law, that 
every action has an equal and opposite reaction. 

I will have to refer this to my friends in the Corps of Engineers. 

Mr, Courtney. Colonel, the illustration which you have given is a 
dead weight illustration ; isn’t that right ? 

Colonel ALExAaNpDER, Yes, sir. 

Mr. Courrney. What we are talking about here is runways. Is 
there a difference in the weight load as the plane moves across the 
runway ? 

Colonel Arexanper. As an aircraft moves out from its parking 
ramp and goes to the end of the runway, it is very close to these 
loadings, with the exception of any roughness—you begin to get a 
dynamic loading as you bounce, just as your automobile does on a 
corduroy road. 

Mr. Courtney. We are not talking about corduroy, I hope. 

Colonel Atexanper. No, sir, but we have it, Mr. Courtney. As it 

ets to the end of the runway and starts to takeoffi—if any of you 
ave seen the B-47’s and B-52’s take off, you will see their wings 
come from a drop position and they will come up. They are start- 
ing to take load and picking the aircraft off of the runway. The 
aircraft and the load 

Mr. Courtney. My question is simply this: The illustration which 
you have on the chart, of the bulb and! the distribution through the 
various surfaces, is based on the dead weight illustration ? 

Colonel ALExANnpeER. Yes, sir. 

Mr. Courtney. Am I to assume that that would be the maximum 
weight at, any one point on the runway, and that as the plane takes 
off, or commences its movements, the weighted load becomes less ? 

Colonel ALtexanver. That is correct. 

Mr. Courtney. On the surface and on the subgrade? 

Colonel Atexanper. That is correct. 

Mr. Osmers. Mr. Chairman. 

Mr. Hésert. Mr. Osmers. 

Mr. Osmers. I think we are getting pretty far afield in the discus- 
sion here and getting into engineering and physics. We are getting 
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pretty far removed from whether modern heavy aircraft need rigid 
or asphalt runways. : a 

Now, this matter has been heard in some detail before. Policies 
have been adopted. If the asphalt people feel that they have been 
unfairly dealt with, I think they ought to be able to come to this com- 
mittee and present their case. : 

I would like very much to hear whether they question the actions 
that. have been taken by the Air Force in connection with the construc- 
tion of these runways for the fields, in order to handle these modern, 
heavy airplanes. ; 

Mr. Heserr. Mr. Osmers, that is the whole purpose of the hearing. 
The Air Force has to present its case first, and tell us the reason, and 
inform the members of the committee as to their reasoning and their 
conclusions. 

After they have done that, and the members of the committee are 
completely satisfied that they have a full knowledge of what the Air 
Force is talking about, then we will hear from the asphalt industry, 
and they shall have their day in court. 

But until such time as the committee feels that it wants more in- 
formation from the Air Force, I feel constrained to let the Air Force 
tell its own case, and let the members pursue it as long as they want to, 
as long as everybody understands everything on the Air Force side. 

Mr. Osmers. I certainly, Mr. Chairman, agree completely with you 
that the Air Force should be permitted to present its case. If some- 
one makes a statement against the policy of the Air Force, I think then 
we should let them explain their position. 

Mr. Héserr. Mr. Osmers, the whole hearing here is based on com- 
plaints that have been received. The prior committee, two sessions 
ago, under Mr. Hess, came into an agreement with the Air Force and 
the Department of Defense on the use of asphalt or flexible paving, as 
compared to concrete. That agreement was reached, and it was set 
aside by the Department of Defense. Then complaints have come to 
the committee from the asphalt people in connection with setting 
aside that agreement. 

Mr. Osmers. The asphalt industry has—— 

— Hésert. Has complained, "That is the reason they are here 
today. 

Mr. Osmers. They have complained ? 

Mr. Hézert. They have complained, and that is why we are here. 

Mr. Osmers. I haven’t seen that complaint in writing, and I have 
an office in this building and no asphalt man has been up to make a 
complaint to me about it. I just haven’t seen it, that is all. 

Mr. Hésert. I will say this to you, Mr. Osmers. If you attended 
the committee meeting at the time it was authorized—— 

Mr. Osmers. That was 2 years ago. 

Mr. Heserr. I am talking about this year. Every meeting of this 
committee has been set with the authorization of the committee and 
not solely at the call of the Chair. This hearing today is the result 
of presentations made to this committee in executive session and the 
committee authorized the hearings. We are here because the asphalt 
people have complained. 

Mr. Harpy. Mr. Chairman, may I make one observation about this? 
I think actually my friend from New Jersey will bear me out on this. 
We have another responsibility also with respect to this contention 
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as between asphalt and portland cement and that has to do with the 
cost, because we are concerned with cost. 

Mr. Héserrt. That is right. 

Mr. Harpy. And we have a responsibility in that field. 

Now if we can get—from an engineering point of view, if it can be 
shown that a cheaper asphaltic runway is just as serviceable, I think 
we would be derelict in our responsibilities 

Mr. Gavin. Will the gentleman yield? 

Mr. Harpy. Iam through, Thank you. 

Mr. Hévert. Mr. Hardy has certainly put his finger on the situa- 
tion here, Mr. Osmers. It is our responsibility and that is the reason 
we are here. We are not here for an academic program or a dis- 
cussion of engineering things, except as they are related in cost to the 
Government. 

Mr. Gavin. Let me interject at that point. Not alone cost—I am 
interested in cost, but I am interested in one thing that is of greater 
and paramount importance and that is human lives and safety. Costs 
mean little to me as far as these boys that are flying the planes are 
concerned. So let’s not stress in this discussion that the greatest 
importance is cost, because I just don’t view it in that way. 

I am expressing my opinion so you will have my ideas as to why I 
am interested. 

Mr. Hépert. I am sure your ideas fit into ours, Mr. Gavin. 

Mr. Osmers. I agree with that. May I just finish? May I say I 
think if the asphalt case would be presented first—and they certainly 
ought to have an opportunity to present it 

Mr. Héserr. They will have. 

Mr. Osmers. Then we would have some basis for hearing this testi- 
mony. 

Mr. Gavin. We are going to hear it. 

Mr. Hésertr. Mr. Osmers, it is a matter of presentation and the 
matter of presentation is in the hands of our capable and competent 
counsel, who arranged the agenda. This is the way it is to be pre- 
sented, and the way it has always been presented. 

Mr. Rivers. Quite frequently Mr. Vinson just directs us to go into 
programs, too. 

Mr. Hésert. That is correct. 

Mr. Gavin. Colonel, now you have given us an illustration of a 
B-52 loaded taking off. Now tell us what happens with a B-52 that 
is coming in, see, and possibly they don’t make just a perfect landing. 
What is the situation when they don’t come in where you have got 
an equalized load on the runway, and they are coming in with a ter- 
rific smash on that runway? They might have been hit, and they are 
not coming in perfectly. They are coming in way over from an 
equalized or perfect landing. 

What happens to the pavement then ? 

Colonel Atexanper. Of course he has one safety factor in his tires. 
If he hits too hard, his tires will blow out. If he hits normally, or if 
he hits on one gear and the tires do not blow out, he is hitting so 
quickly—and also he is in a forward movement—that that does not 
stress the pavement excessively. 

Mr. Gavin. Will you repeat that? I can’t hear you. 

Colonel Atexanper. At the time the aircraft hits the surface of the 
pavement. 
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Mr. Gavin. Yes. 

Colonel Atexanpver. He has a forward motion. 

Mr. Gavin. Yes. 

Colonel AtexAnper. In the order of 100 knots. If he hits hard, he 
is still going 100 knots forward. 

Mr. Gavin. Yes. But now he isn’t hitting on all four’s, He is 
hitting on one wheel—we will assume that. He is not waking a per- 
fect landing now. What is the stress on the pavement then ‘ 

Colonel Atexanper. Our experience is, Mr. Gavin, that he still 
does not exceed these loads that we designed for. He hits it so quickly 
and he moves over it so quickly. It is just a very sudden impact, and 
the soil doesn’t have time, or the pavement doesn’t have time to react. 

Mr. Gavin. It doesn’t ? 

Colonel ALExANDER. It isover. Yes, sir. 

Mr. Gavin. It is hit and over? 

Colonel ALexanper. Yes, sir. 

Mr. Gavin. But suppose he got into an area where you had flexible 
pavement, and weather conditions were extremely hot, and he hits 
on one wheel, what happens to that flexible pavement in comparison 
with concrete? 

Colonel Atexanper. If the pavement is not properly constructed, 
I don’t think there would be any more happen to it there than would 
happen to it on other parts of the field. 

Mr. Gavin. Would he get over it? 

Colonel Arexanprr. He would get over it too quickly. 

Mr. Osmers. What would his landing speed be, Colonel ? 

Colonel Atexanpver. I don’t know exactly. I would like to ask-— 
just one second, sir. [Confers.] 

It is 100 to 120 knots stall speed. 

Mr. Miter. Mr. Chairman. 

Mr. Héserr. Mr. Miller. 

Mr. Miter. Colonel, getting back to these pressure bulbs or what- 
ever you call them, in the final analysis they are both the same size, 
aren’t they ? 

I think you said that one was bigger than the other. They are 
both designed to take a certain pressure that is coming from the 
plane. 

Colonel ALEXANDER. Yes, sir. 

Mr. Muier. And your design—that is, the object of your design 
is to make these exactly the same? 

Colonel Arexanper. That is correct. 

Mr. Mixer. Or as near as you can the same. 

Colonel Atexanper. You make them the same size by getting 
greater thickness here. , 

Mr. Miier. Certainly. 

Each of these now are strips 200 feet wide and 14,000 feet long. 
That is about it, isn’t it ? 

Colonel ALExANpER. Yes, sir. 

Mr. Mizter. Over that period, if we put in this block of portland 
cement that far, and we don’t use it at all—we just let it sit there— 
will there be any settlement or subsidence ? 

Colonel Arexanper. It is always possible, but for subsidence or 
settlement to occur there have to be some soft layers down in this 
subgrade somewhere. 
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And to make that move, there has to be a load imposed. Now some- 
times the pavement structure itself will impose that load. 

Mr. Miuter. Now between these two, if you go to the poorer sub- 
grade, you would go out on this poorer subgrade and put in your 25 
inches of concrete on your strip 14,000 feet long, there would be a good 
chance for subsidence there ; would there not ? 

Colonel ALEXANDER. No, sir. 

Mr. Miter. If you just let it stand ? 

Colonel ALExanper. Not normally. I think I see what you are 
retting at. It is that the rigid pavement weighs more than the flex- 
ible pavement. 

Mr. Mitter. No, I am going to say in both of them you have weight. 
You are putting weight on the poorer subgrade—poorer material 
in the subgrade, and you are putting in that much concrete. If you just 
put it out there and let it stand there, at the end of a year if you go 
and run levels over it, wouldn’t you find there is certain subsidence, 
depending on the subgrade from good to poor, the degree of subsi- 
dence ? 

Colonel Arexanver. I think it will be negligible, Mr. Miller. I 
think it would be negligible. It would be so negligible it would be 
very hard to measure unless you had a very high order of accuracy 
with your levels. 

Mr. Miiier. Well, we have some poor subgrade material, or con- 
ditions in the San Francisco Bay area, and you get subsidence. You 
get subsidence of highways. You build them up to a grade and you 
build them with all of these things, and just with time alone they go 
down, and go down faster, then you have to go in and keep rebuild- 
ing them until you reach the place where of course it is transmitted 
by fairly substantial amounts of grade down to the substantial soil 
beneath it. 

Colonel ALExANnpeER. That is possible. 

Mr. Miter. Not only possible, but doesn’t it happen ? 

Colonel ALExaNnverR. Yes, sir, it happens. 

Mr. Miuter. If you go back and read some engineering data in 
the past century on such things as, for instance, railroad grades, 
which were comparable at their time—— 

Colonel ALEXANDER. Yes. 

Mr. Mitxer. Across the Suisun sink, you will find that you didn’t 
beat that until down through this soft material you have substantially 
built a fill that got down to the hard rock. 

Now won’t the same thing take place here? You are not going 
to tell me, are you, that under a poor subgrade, because you put 25 
inches of concrete strip 14,000 feet long and 200 feet wide, that it is 
going to remain as stabilized as if you never do another thing but just 
let it stay under its own weight on a poor subgrade? 

Colonel ALEXANDER. No, sir, I don’t say that. 

Mr. Mriter. That is right. 

Colonel Arexanper. Because it will subside. 

Mr. Mier. That is right. Then the other will subside too. 

Colonel ALEXANDER. Yes, sir. 

Mr. Mitier. When the concrete subsides in a place where that 
subsidence becomes great enough, it has to give someplace, and when 
it begins, it begins to go all over. 

Colonel ALexaNper. It will crack, and it will find its own level. 
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Mr. Mitixr. It will find its own level, and that level, depending on 
where it happens—if there happens to be a rigid rock under it, will 
be up one place and may go down 8 inches in another. 

Colonel Atexanper. That would be quite extreme; yes, sir. 

Mr. Miter. Let me take you out and show you some places. 

Colonel ALEXANvER. Yes, sir. 

Mr. Héserr. Mr. Courtney. 

Mr. Miter. I would be glad to do it if we could get to go. 

Mr. Gavin. May I ask a question, just very briefly ? 

Do you know of any commercial air bases that have any flexible 
pavement—that is, big bases ? 

Colonel ALExANDER. Yes, sir. 

Mr. Héserr. That answers the question. 

Mr. Gavin. How heavy aircraft land on them? What is the heavi- 
est type of aircraft ? 

Colonel Arexanper. The Super Constellation and the DC-7, I be- 
lieve, are the heaviest commercial aircraft operating at the present 
time. 

Mr. Mitter. What do they say ? 

Mr. Gavin. What do they report ? 

Colonel Arexanver. They are not having the same type of struc- 
tural problem that we have. They do not have the high tire pressure. 
They don’t have the same type gear as the B47 and B-52. 

We have our KC-—97, which is the same as the Boeing Stratocruiser 
that Northwestern Airlines operates. That is our present tanker air- 
craft. 

We have had channelization from that type of gear, which is the 
typical tricycle gear. 

The B-36 has a typical gear which in some respects is similar to 
commercial aircraft. But in both cases they have a little bit higher 
tire pressure. 

I am sure that the commercial traffic must approach the same fre- 
quency of coverage, but I think the tire pressures are probably the 
key, that they are not having as much trouble as we are. 

Mr. Mrier. Would the gentleman yield? I would just like him 
to clear up this tire pressure. 

Mr. Gavin. Yes. 

Mr. Mirier. When you have a high tire pressure, you are putting 
a heavier concentrated load at a point, aren’t you ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Miter. If you have a low tire pressure, you are spreading that 
load ? 

Colonel ALexanper. Yes, sir; That is correct. 

Mr. Mixer. So that is the difference. 

Colonel ALeExANpER. Yes, sir. 

Mr. Miter. I just wanted to get that clear. 

Mr. Héserr. Fine. It is clear now. 

Mr. Miter. I don’t know that it is, but it is a little clearer on that 

oint. 
. Mr. Courtney. Finish with your charts, Colonel. 

Colonel Conner. Sir, we have one more short chart that shows a 
brief history of what brought us to our current position of requiring 
total concrete. 

(The chart mentioned above is as follows :) 
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Colonel Conner. Mr. Leslie, will you come u 

Mr. Héserr. Your name for the record, Mr. Reslie! 

Mr. Lestie. George W. Leslie. 

Mr. Courtney. George W. Leslie. 

And your official position 4 

Mr. Leste. Chief of the Civil Engineer section. 

Mr, Courtney. Corps of Engineers? 

Mr. Lestie. Engineering Branch, Director of Construction, As- 
sistant. Chief of Staff, Installations, United States Air Force. 

Mr. Courtney. Air Force? 

Mr. Leste. Yes. 

Mr. Gavin. I thought we abolished the engineers in the Air Force, 
when we took SCARWAF out of the picture. 

Mr. Hévertr. Mr. Courtney: 

Mr. Courtney. Mr. Leslie. 

Mr. Lest. At the hearings of 1954 we had discussed the problem 
of critical areas. At that time, the Air Force position was that we 
would require concrete for our aprons—this should be a different 
color—calibration platforms, wash racks, warmup pads, and 1,000 
feet at each end of the runway. 

Mr. Courrney. That was the 1954 criteria, so-called. 

Mr. Leste. That is right. 

Mr. Courtney. As to which everyone reached an agreement. 

Mr. Lestm. Yes, sir. It was in early 1954, after we had some expe- 
rience with B-47’s, that we were getting the distress of pavement on 
our primary taxiways. The primary taxiway is that connecting link 
from the apron, the parking apron, to the ends of the runways. 

That distress showed up in both the rigid type pavement and flex- 
ible type pavement. 

The case for the rigid pavement was at Lake Charles, where we 
noticed or it was observed that some cracks were occurr ing along the 
center portion of the taxiway, along the centerline of the taxiway. 

The first case that we really observed for flexible pavement was 
that at March Field, that was gone into Monday. 

We had about 3,000 feet of flexible taxiway which was showing 
signs of distress due to the effect of channelized traffic. 

These cases generated an investigation by the Office Chief of Engi- 
neers, the laborator vy people, to find out w hy. 

There was some indication that there might be that, but we weren’t 
sure. 

Mr. Courtney. It might be what, Mr. Leslie? 

Mr. Leste. That the cause of the failure might be due to the effect 
of channelized traffic. 

Mr. Courtney. Channelizing the traffic? 

Mr. Leste. That is right. 

Mr. Courtney. Was the cause of these two failures in the two places 
that you mentioned ? 

Mr. Gavin. Where was that on the field? 

Mr. Leste. Unfortunately, this is an ideal situation, Mr. Gavin. 
It doesn’t represent the true layout at either Lake Charles or at 
March Field. But at March Field—I assume this is the south end 
of the runway—we had a taxiway that came out in this direction, 
and then took off at an angle something like this [indicating], to con- 
nect with the end of the runway. 
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It was in this portion of the taxiway where the distress was showing 


D. 

At Lake Charles the runway runs in a northwest-southeast direc- 

tion, I believe. It is not important. But we have a long taxiway that 
arallels that. It is a rigid pavement. Peer OED halfway that 
ong parallel taxiway there are some cracks showing up along the 

centerline of the taxiway. é 

There is some concern, too, because some:cracks were also showing 
up on the outside edges of the taxiway which we did not think at the 
time—could not be tied back into channelized traffic. 

There were two conditions at Lake Charles that had to be investi- 

ated. 
. Mr. Courtney. May I ask a question right there? Was the rigid 
pavement at Lake Charles—did that have reinforcing bars in it? 

Mr. Leste. No, sir. 

Mr. Courrney. It was solid concrete? 

Mr. Leste. That is correct. 

Mr. Courrney. Go ahead. 

Mr. Lesuie. It is about that time—in early 1954—that as a result 
of the studies of the failures at Lake Charles and at March Field, 
and the thought that possibly channelized traffic may have some bear- 
ing on the question, the Corps of Engineers made a study of traffic 
distribution, to show the amount of traffic being imposed on the solid. 
It was found as a result of the March Field studies that the amount 
of traffic along the centerline of the taxiway was far in excess of the 
amount of traffic for which the pavement was originally designed. 

In other words, the amount of traffic had increased almost 6 times. 

Mr. Courtney. Six times in numbers, or 6 times in weight? 

Mr. Lesiie. Six times in numbers. We are talking about frequency. 

Mr. Courtney. Frequency now. 

Mr. Lesire. Of operation. 

Mr. Courtney. Frequency is the issue. 

Mr. Leste. Yes, sir. As a result of that, our design agent, the 
Corps of Engineers, came up with a suggested design to solve the 
effect of channelized traffic. 

They proposed a thickening of the center section of the taxiway. 
Between the Corps of Engineers and the Air Force, we agreed that 
this width of section weal be in the order of 25 feet, or 1214 feet 
each side of the centerline. 

The balance of the 75-foot taxiway, or 25 feet on either side of 
that, would be—that is; it would go back to the normal design. 

Mr. Courtney. That would be the depth of the density. 

Mr. Leste. The thickness of the pavement; yes, sir. 

Mr. Courtney. The thickness of the pavement. 

Mr. Leste. Yes, sir. 

In effect—there are some figures kicked around, actually, because 
we didn’t know just how thick to make the center section, but it was 
indicated that based on past investigations somewhere between 10 
and 20 percent additional thickness would be required. 

Because we had no definite solution for channelized traffic on flexible 
pavements and we were more willing to take a chance to the suggested 
design for rigid pavements because of inherent stronger characteris- 
tics, we asked authority from the Office, Secretary of Defense, to use 
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rigid pavements solely for primary taxiway, pending further in- 
vestigations of the flexible design. 

That authority was granted, but with the stipulation that we would 
proceed with an investigation right then, of the design for both rigid 
pavement and flexible pavement. 

Tam talking about the channelized designs. 

Mr. Courtney. That is for the primary taxiways? 

Mr. Leste. That is right, sir. 

In the meantime there were indications of channelized traffic on 
interior portions of runways—this section here. One of the first to 
occur was that at Pinecastle. That was ultimately investigated. 

We also had cases of channelized traffic on another primary taxiway, 
at Davis Monthan. That wasa flexible-type pavement. 

There were also indications of distress of channelized traffic on 
flexible pavement on the apron at Altus. 

With that background, we went ahead, and proceeded with the in- 
vestigation by the Corps of Engineers on the channelized design for 
rigid pavement, and for flexible pavement. 

In the meantime, we asked that a test section—an actual field con- 
dition, I mean—be established to actually build under normal con- 
tractual procedures and actual field conditions, with normal inspec- 
tion procedures. We selected Kelly Air Force Base, at San Antonio, 
Tex., as the site. 

This is only one phase of this broad investigation for the study of 
the channelized traffic designs. 

That study actually would take a year. We recognized that. 

In the meantime, we didn’t know just which way to turn as far 
as flexible pavement designs go. 

Consequently, because we didn’t have a sure design and we didn’t 
want to take the chance with the new construction program coming 
up, we asked authority to go to all concrete on 

Mr. Courtney. The primary taxiways? 

Mr. Leste. The primary taxiways and the interior of the runway. 

Actually—well, first of all, the primary taxiways, where we asked 
for all concrete. 

Subsequently, after examining the distresses that were occurring 
in flexible type pavements, and without a sure design yet, and in view 
of the results 

Mr. Courtney. When you speak of a sure design, are you speaking 
of a sure design for rigid or flexible pavement ? 

Mr. Lestre. We weren’t sure of an approved design for rigid pave- 
ment. 

Mr. Courtney. That was the uncertainty. Do I understand you 
resolved the plan as to rigid pavement? 

Mr. Leste. That is right. 

Consequently, that is when we asked authority to construct our 
primary pavements including taxiways and interior runways of rigid 
pavement. 

Mr. Harpy. May I ask a question right there? 

Mr. Hénerr. Yes, Mr. Hardy. 

Mr. Harpy. When did you become sure that you had a proper 
design for rigid pavement? I didn’t get that. I thought you were 
still doubtful about that. 
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Mr. Leste. It is inherent in the characteristics of portland cement 
concrete, Mr. Hardy. It is just naturally stronger. There is less 
chance to go wrong in building a slab of concrete than there is in 
building a multiple-layer system such as flexible pavement. 

Mr. Harpy. Now, you have had your experience of observing fail- 
ures in both flexible and rigid, and your flexible at Lake Charles I 
believe 

Mr. Leste. Rigid pavement, sir. 

Mr. Harpy. Rigid at Lakes Charles, and your flexible at March. 
Both of them broke down. 

Mr. Lesuie. No, sir. Lake Charles did not break down. 

Mr. Harpy. It cracked, you said ? 

Mr. Leste. It had some cracks. In the slabcracks, we call that a 
failure. But that doesn’t put the taxiway out of commission. 

Mr. Harpy. Then let me change my word. Eliminate “breakdown” ; 
strike that out. Let’s say, you had a failure. I don’t know how serious 
that was, but you had a failure. So you made an assumption that you 
had corrected it by changing design. Did you have anything really 
to support your finding that you had come up with a proper design or 
a satisfactory design with respect to rigid? You haven’t proved it 
yet, have you? 

Mr. Lestie. We are pretty well sure that we have; yes, sir. 

Mr. Harpy. When? That is all I wanted to find out? 

Mr. Lesiir. The Kelly test track was the one that really proved it 
out. We had two panels. One was rigid pavement, and one was 
flexible pavement. 

Mr. Gavin. But you didn’t tell us that. You had two types at that 
experimental test track. 

Mr. Lestir. I am sorry, sir, I thought we brought that out Monday. 

Mr. Hess. It was brought out Monday. 

Mr. Harpy. You had both a rigid and flexible on your Kelly test 
track. Did that prove that your rigid would stand it, and at the same 
time your flexible would not ? 

Mr. Lestiz. Yes, sir. 

Mr. Rivers. Could I ask him a question there, Mr. Chairman? 

Mr. Héserr. Are you finished, Mr. Hardy? 

Mr. Harpy. Yes. 

Mr. Hépserr. All right, Mr. Rivers. 

Mr. Rivers. I think you made the statement that you asked for 
permission to proceed for constructing a rigid pavement for your 
mner runway. 

Mr. Lesiim. Yes, sir. 

Mr. Rivers. That is the inside, away from the ends there. Of rigid 
construction. 

Mr. Lesure. We asked specifically to construct our primary use 
pavements of rigid pavement. 

Mr. Rivers. All right. 

Mr. Lesuie. That included our primary taxiways, the runway ends. 

Mr. Rivers. The runway ends. 

Mr. Lesure. And interior portions of the runway, our warmup 

ads which were already agreed upon. The only addition was the 
interior portion of the runway and the primary taxiways. 

Mr. Rivers. Because you felt as a result of the Kelly tests that you 
had come up with something that was satisfactory. 
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Mr. Leste. Yes, sir. 

Mr. Rivers. I would like for the record to show what the thickness 
of that was. 

Mr. Leste. The Kelly track? 

Mr. Rivers. Of the one that you came up with that you thought 
was going to'solve your problems. It had to have some thickness, 
didn’t it, a minimum ? 

Mr. Leste. Oh, yes, sir. 

Mr. Rivers. What was that? 

Mr. Leste. I don’t know, offhand. 

Mr. Rivers. Because if there is any doubt about it, you would just 
make it a little thicker, wouldn’t you? I just wanted to know what 
your findings were. Because I could build a concrete that would 
stand up. If there was any question in my mind, I would do like 
the Germans did when they put those su marines in those sheds. 
I saw those sheds. They were so thick a bomb couldn’t go through 
them. 

Mr. Lest. Mr. Rivers, I would like to hold our discussion on the 
design and the results of the Kelly track for the office, Chief of Engi- 
neers representativ es. 

Mr. Rivers. I just wanted to be certain. Here is my point, I just 
wanted to be certain that you didn’t have a blank check to build it as 
thick as you please, so you were foolproof. 

Mr. Leste. No, sir. Both designs were based on the best available 
data and information that we had at the time for 100,000-pound de- 
sign load. 

Mr. Rivers. On the minimum thickness. 

Mr. Leste. That is right, sir. 

Mr. Héserr. May I ask this question in connection with the Kelly 
test: Do I understand your testimony is that you drew your conclu- 
sions as a result of the Kelly test ? 

Mr. Leste. Partially. 

Mr. Héserr. That is what I wanted to find out. 

Mr. Harpy. That doesn’t answer what he said to me awhile ago. 

Mr. Héserr. No. 

Mr. Rivers. No. 

Mr. Héserr. I want to find out. You said you came to the conclu- 
sion after the Kelly test. Now, just what factor was the Kelly test in 
your conclusions, and what other factors were involved when you 
came to this conclusion ? 

Mr. Leste. At the same time, the Kelly test was being constructed, 
the investigations were being made both at the rigid pavement labora- 
tory in Cincinnati and the flexible pavement laboratory at Vicksburg. 

There are indications, then, based on, as I say, past experience, 
extrapolation of curves, field inv estigations, that—we were pretty sure 
that the concrete design would be able to stand up much better than 
the flexible design. 

Mr. Héserr. And added to that were the results of the Kelly test. 

Mr. Lestiz. Yes, sir. 

Mr. Héperr. Now , as I understand, the Kelly tests, they were origi- 
nated in order to prove up the competence of the rigid to the 
nonrigid 

Mr. Lestir. For comparable design loads that we had available at 
the time, yes, sir. 
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Mr. Rivers. That was a practical application of the laboratory 
work; is that right? 

Mr. Leste. That is right. 

Mr. Héserr. That is the laboratory you refer to at Vicksburg and 
other places, which were precedent to the Kelly tests ? 

Mr. Leste. That is right. 

Mr. Hésert. So then the Kelly test would have to be the final 
conclusion ? 

Mr. Leste. It proved only that under those conditions the 100,000 
design load worked as it did. We don’t know—at least, we haven’t 
finished our studies yet on the effects, the design for the 240,000 pound 
load. 

Mr. Hézert. No, we are talking about what you have now. In other 
words, let’s get it in our line of thinking. Of course, the laboratory 
work originated first. 

Mr. Leste. Yes, sir. 

Mr. Hévert. And you applied the laboratory work to the Kelly test 
in practice. 

Mr. Leste. Yes, sir. 

Mr. Héserr. And drew your conclusion from the Kelly test. 

Mr. Lest. Partially, yes, sir. 

Mr. Hezert. I get confused on “partially,” too, 

Mr. Lest. Actually, they worked hand in hand. 

Mr. Héserr. All right, they worked hand in hand, Where was the 
conclusion? Was that an equal test, the Kelly test? ‘That is, was it 
an equal test between the rigid and the nonrigid ? 

Mr. Lestie. Yes, sir. As I say, both types of pavement, the rigid 
pavement, and the flexible pavement itself, sections—— 

Mr. Héserr. And they were both subjected to the same tests for 
which they were constructed. 

Mr. Leste. Yes, sir. 

Mr. Hészert. The loads weren’t increased. 

Mr. Leste. No, sir. 

Mr, Ferry. I wonder, sir, if I could clarify that? 

Mr. Héserr. Yes, Mr. Ferry. 

Mr. Ferry. The test was made by erecting a continuous strip of 
paving, one half of which—the righthand side of it was flexible pay- 
ing, and the lefthand side portland cement. 

We started a loaded carriage with wheels simulating the spacin 
of a B-47, loaded with cast iron weights to bring the weight Seitedl 
to the weight on the wheels of a B-47, and we took a tractor and we 
towed it from one end of the strip to the other end of the strip, back 
and forth, back and forth, day and night. 

The results of that test indicated to us that our experimental work 
was confirmed, that the concrete was standing up as per design to do 
the job that we expected it to do, where the flexible did not stand 
up. 

Mr. Hésert. In other words, your two strips were so constructed 
as to take the weight, what your engineers thought would take the 
weight of the B-47. 

Mr. Ferry. That is right. 

Mr. Hésert. All the strength was given to the flexible that you 
could possibly give to it to withstand the weight of the B-47? 
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Mr. Ferry. The design, sir, of this—and I will ask later that our 
Corps of Engineers confirm this. The design was the best known 
design information available to our design agents, to provide an eco- 
nomical pavement, both flexible and rigid, which would stand the 
weight equally well. 

Mr. Heserr. The reason I pause to labor that question is because 
as I understand it, it is that test which is being challenged. 

Mr. Ferry. There are questions, sir, that have been raised about it. 

Mr. Hésertr. That is correct. 

Mr. Ferry. It is one of them. 

Mr. Hésert. That is correct. That is the test that is being chal- 
lenged. 

Mr. Ferry. Right. 

Mr. Hézert. Therefore, I want to know specifically and definitely 
if the designs were made for both the flexible and the rigid pavement 
to take the full load of a B-47 as far as 

Mr. Ferry. I am going to refer that question to my expert here, sir, 
because I did not look at the design data. 

Mr. Hésert. In other words, you got the full capacity. 

Colonel ALExanper. Yes, sir. 

Mr. Hésert. The maximum capacity out of the flexible test to take 
the 1947, or that you thought could take it, as compared to the full 
maximum of the rigid? 

Colonel ALExanpER. That is correct. 

Mr. Hesert. And in the tests, the flexible did not take it? 

Colonel ALEXANDER. That is correct. 

Mr. Héserr. That is all I wanted to know. 

Mr. Harpy. Could I just follow that up? 

Mr. Hépert. Yes, sir. 

Mr. Harpy. In your design, that is based on that test, are you using 
the same specifications for the concrete slab that you used in that test ? 

Colonel Atexanper. I think the Corps of Engineers should answer 
that, Mr. Hardy, because they design our pavements. 

Mr. Harpy. I don’t care who designed them. You have just been 
discussing two different thicknesses of rigid concrete slab, one 15, and 
one 21 inches, based on the subgrade that you had. 

Colonel ALEXANDER. Yes, sir. 

Mr. Harpy. Now, the only question that I want to know is whether 
those are comparable to the slabs that you used on your test. Did you 
use a 21-inch slab or did you use a 15-inch slab or did you use neither ? 

Colonel ALExanper. To the best of my knowledge, it was a 17-inch 
slab. That would have to be confirmed. 

Mr. Harpy. And are you using that same criteria for similar sub- 
soils now? 

Colonel ALExANper. Yes, sir. 

Mr. Harpy. All right. That is what I wanted to know. 

Mr. Courtney. What did the Kelly test prove about varying sub- 
grade or subsoil conditions? 

Mr. Lestiz. Well, the subgrade is developed to the same strength 
for both rigid and flexible sections. 

Mr. Courtney. No. But what did it prove about meeting various 
subsoil conditions such as you would meet in a variety of airfields over 
the different portions of this country ? 
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Mr. Lesiie. It proved in that case that the design which was based 
on the subgrade bearing value was adequate. 

Mr. Courtney. Well, did it prove—— 

Mr. Lesure. For Kelly Air Force Base. 

Mr. Courtney. Let me simplify the question. Did it prove any- 
thing more than that the design whish you employed at Kelly as suit- 
able for the subgrade and the subsoil conditions which you had to meet 
there ¢ 

Mr. Lesiie. Yes, sir. 

Mr. Courtney. What else did it prove? 

Mr. Lesuin. It proved that the assumptions made in developing the 
design for channelized traffic were adequate for the rigid pavement. 

Mr. Courrney. For rigid pavement ? 

Mr. Lesuie. Yes, sir. 

Mr. Gavin. You did say, Colonel, that the studies are being contin- 
ued to try to perfect the flexible type of pavement; is that so 

Colonel Conner. Yes, sir. 

Mr. Gavin. Who is handling that? The Engineers, Department of 
the Army? 

Colonel Conner. Yes, sir. 

Mr. Gavin. Well, no doubt, they will come up with the proper 
answer. 

Just leave it to them and they will give you a flexible pavement be- 
fore they get through that will meet with the rigid, I am satisfied. 

Colonel Conner. All right, sir. 

Mr. Bares. How much ean was done to the asphalt in the Kelly 
test ¢ 

Mr. Leste. I don’t have—we don’t have the final report on the 
Kelly test track, Mr. Bates. 

When I was down there, there was what could be described briefly as 
a shoving of the asphaltic concrete to the side. There was about an 
inch, an inch and a half depression. 

Mr. Bares. What was the cost differential originally between the 
two? 

Do you have those figures ? 

Mr. Lesuiz. No, sir, I don’t have the cost figures on that. 

Mr. Bares. Well, could you have repaired the asphalt portion of 
this field ? 

Mr. Leste. We could have made a stab at replacing the surface on 
the binder courses. 

Mr. Bares. Would the cost of that be any greater than the original 
differential between the two? 

Mr. Les. No, sir, it would not. 

Colonel Connor. We don’t know. 

Mr. Ferry. We don’t know what it is. 

Mr. Lestie. I am saying this, that just replacing the surface and 
binder courses of the asphalt certainly would be less than the cost 
of the original pavement. 

Mr. Bares. That is not the question. You had an original differ: 
ential between the concrete and the asphalt. That is correct, isn’t 
it? 

Mr. Lestre. Yes, sir. 
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Mr. Bates. Now, would the cost of repairing the asphalt be more 
than the differential that you originally paid for the concrete? 

Mr. Leste. I don’t know, sir. 

Mr. Bares. Well, could you have repaired it so that it would be 
usable ? 

Mr. Leste. We could have made a temporary repair. I wouldn’t 
say that it would have stood up under the continuous traffic for an- 
other 5, 10, or 15 years. 

Mr. Bates. Well, I always thought we assumed here that there 
would be a higher cost of maintenance for asphalt. The question 
has always been whether or not that differential would be taken into 
consideration and balancing the two things off over a period of time. 

Mr. Héserr. Your answer to Mr. Bates is you don’t know, Mr. 
Leslie ? 

Mr. Lestie. In the case of the Kelly test track, I believe that over 
a period of time, the amount of effort spent on making temporary 
repairs would soon eat up the original cost of the pavement. 

Mr. Héserr. Well, can you make that as a definite statement? 
Mr. Bates has pointed out that that is the crux of the situation. 

Mr. Ferry, can you answer that? That is what we are trying to 
find out. 

Mr. Ferry. No, sir; because the Kelly test was not designed in any 
way as a cost differential, that is ascertaining cost differential either 
as to first cost or for repairs. 

It was purely an experimental track, laid down to establish the 
criteria on which we would have to build pavements that would stand 
up without at that time making an assessment of the cost of the two 

leces. 
. Mr. Hésert. In other words, it was merely a test of material. 

Mr. Ferry. That is correct, sir. A test of material and construc- 
tion methods. 

Mr. Bares. Has there ever been any question that concrete would 
hold up better than asphalt? 

Mr. Ferry. No, sir. We were trying to find an equivalent to the 
concrete that would stand up continuously, so as to give us as con- 
tinuous usage of the field as concrete. 

Mr. Bares. Is there any information available on the cost aspects 
of this test? 

Mr. Ferry. There is not, sir. 

There was no figures made as to costs in this test. The test was 
directed to other purposes. 

Mr. Héserr. Mr. Osmers. 

Mr. Osmers. Mr. Chairman, referring to page 5 of the statement 
which Mr. Ferry made to the committee there is a list of comparative 
costs, unit costs there, and I notice that with the exception of the 
most recent period, from March 1956 to April 1957, the flexible pave- 
ments are very much less in cost than are the heavy load rigid 
pavement. Now, I would like to ask two questions about the Kelly 
test. First, was the thickness of the flexible and the thickness of the 
rigid pavement, in the designs that were used there, established by the 
Air Force or by, shall we say, the portland cement people on the one 
hand, and the asphalt people on the other ? 
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Colonel Conner. Briefly, Mr. Osmers, we gave the Corps of Engi- 
neers the criteria limits of loads that we wanted tested there. They 
were responsible for the design from which the thickness was—— 

Mr. Osmers. It was the Government design ¢ 

Colonel Conner. The Corps of Engineers design. 

Mr. Osmers. In other words, it was not an doit standard that 
was given to you? 

Colonel Conner. What other elements went into that design I am 
not sure of. I would like for the Corps of Engineers to explain what 
were the elements of their design. 

Mr. Osmers. All right. 

That is my first question. 

My second question is this, Mr. Chairman. 

There may ra when we develop the matter here, a statement on the 
part of asphalt that had a similar amount of asphalt in dollars been 
used as dollars of rigid pavement you might have then had an equal 
economic test, and that under those circumstances, would have prob- 
ably given you a great deal thicker asphalt pavement, you might not 
have had the failure that you had in the Kelly tests. 

Now, is there some possibility that a difference and a thicker and 
heavier treatment of asphalt in the Kelly test might have held up 
better ? 

Mr. Ferry. I think I must answer that, sir. 

In my judgment, it is improbable because the failure was a surface 
failure. i 

Mr. Osmers. A surface failure. 

Mr. Mitirr. Mr. Chairman? 

Mr. Héserr. Mr. Miller. 

Mr. Mriter. Are you through, Mr. Osmers? 

Mr. Osmers. Yes, I am. 

Mr. Minter. Was the failure, Mr. Ferry, a disintegration? Did it 
come from disintegration on the part of the asphalt? Or was it a 
compaction ? 

Mr. Ferry. I think I can best answer what I saw. It was a rut- 
ting—a rut formed in the track, which resulted from a compaction 
of the pavement where the wheels had rolled over it. 

Mr. Mitter. Now, that was, I understand, one wheel on this car- 
riage that rode on the concrete and one on the—— 

Mr. Ferry. No, sir. See if I can draw a little sketch of this. I 
think it might help clarify for all of us what we actually did there. 

We made a track like this, sir. (Drawing sketch). This is asphalt. 
This is concrete. We set a wagon here like this. We carried effec- 
tively one wheel there, and one wheel there. We loaded a wagon 
with weights. We put a tractor on the front of it. And we hauled 
it from one end back and forth to the other end. 

Mr. Miruer. I see. I thought from your first statement 

Mr. Ferry. And the result was that we had tracks begin to show 
up at about 9,000 passes in the flexible pavement. Because we ran 
it in the same place, attempting to simulate what we have been describ- 
ing as channelized traffic. 

Mr. Gavin. Why didn’t you make the drawing in the first place? 

You would have saved us about an hour. 

Mr. Ferry. You are quite right, and I apologize for it. I thought 
my description 
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Mr. Gavrn. It is simple enough, the explanation; but if you drew 
the picture they would understand it. 

Mr. Ferry. I thought my description last Monday would have been 
sufficiently graphic, but I see I am wrong. 

Mr. Mixer. I want to congratulate you on your sketching ability. 
Mr. Ferry, the rutting that took place in the asphalt in your estima- 
tion was sufficient to reduce its efficiency to the point where it couldn’t 
be used ? 

Mr. Ferry. No, sir, definitely not. The paving could still have 
been used. All I said is—to me, it conveyed the notion that I couldn’t 
tell how much longer we could use it. 

Mr. Mitter. Was there any deterioration in the concrete? 

Mr. Ferry. There is a slight breakage here, at the points where 
the wheels made the transition between the two segments of the pave- 
ment. 

Mr. Miriier. That would be expected. 

Mr. Ferry. Otherwise, I observed no other damage. There were 
some minor surface cracks which could have resulted from the drying 
of the concrete and the setting up of it. 

Mr. Mruter. What season was that? 

Mr. Ferry. This was in the fall, about September or October. I 
saw it in Kelly the day before they shut it down. 

Mr. Harpy. May I ask a question in connection with that ? 

Mr. Miter. Yes. 

Mr. Harpy. There was no evidence then of any subsoil failures, sub- 
grade failures. 

Mr. Ferry. None that I could observe. 

Mr. Harpy. With respect to the rigid or the flexible? 

Mr. Ferry. None that I could observe. 

Mr. Harpy. So whatever failure you had, then, was strictly a sur- 
face failure. I wonder whether temperature played any part in it. 

oe Ferry. The temperatures were the same in both as you would 
observe. 

Mr. Harpy. I understand that. I understand that fully. But 
whether or not temperature played any part in the breakdown or the 
rutting in your asphalt, was the question that was in my mind. 

Mr. Frrry. It is a possibility, sir. 

But I am not competent enough to say that that was the cause. I 
would hesitate. 

Mr. Mitier. Could this be ironed by resurfacing the concrete? 

Mr. Ferry. We have done some ironing out of ruts. We iron it out 
with a hot plow and we doa pretty good job of it. 

Mr. Miter. It is not too expensive ? 

Mr. Ferry. Not too expensive. 

Mr. Gavin. I have a question, Colonel. 

Supposing you lay out an airbase now. You have the airbase. 
You have the site selected. Then you determine on where your air- 
strips are going to be placed. What do you do about examining the 
substructure under which the airstrip is to be laid? That is interest- 
ing tome. Because, you are talking about the concrete, and the rigid 
and the flexible. 

What do you have underneath that might contribute to the break- 


down of either one of them, see? How extensively do you go into 
that ? 
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Colonel Conner. In both the preliminary and detailed surveys of 
the site the construction agent and the designer lay down a full pat- 
tern of core borings of the ‘subsurface material, down along the center 
line of the proposed runway and the sides of that center line down the 
proposed axis of the taxiways and throughout the entire apron and 
all pavement areas. 

Those core borings are taken down to sometimes depths of 25 feet, 
and the material is pulled out of the core and canlyea in the labora- 
tories for its quality. 

Mr. Gavin. Then do you base your type of pavement on what that 
substructure is ? 

Colonel Conner. Ultimately 

Mr. Gavin. And the design | of the pavement. 

Colonel Conner. Yes, sir, in the design of the pavement. 

Mr. Gavin. I know one place where you decided to build a base, 
and had all the plans and specifications laid out and then a little later 
on they got into their test borings and they found there was a lot of 
voleanic rock or something down underneath and there was no place 
to put a base at all. 

But they didn’t do that until everything was all set, the site was 
decided upon, the plans and specifications laid out, and they found a 
condition in the subsoil there where they just couldn’t put the run- 
ways in there. That is why I asked the question. 

Colonel Conner. Yes. 

Mr. Gavin. Whether you are careful enough to examine that sub- 
structure before you go in there on a base and determine whether or 
not it is going to be ample to meet your requirements or you run into 
a bog or a rock or some other structure. 

Colonel Conner. I think our current practices are comprehensive 
enough to give us real good assurance that we have an adequate sub- 
soil condition, or condition. 

Mr. Héserr. Thank you very much, Colonel, and Mr. Ferry, for 
coming back again. 

The committee will stand in recess until tomorrow morning at 10 
o’clock. 

Mr. Ferry. Thank you, sir. 

Mr. Courtney. Mr. Chairman, tomorrow, the engineers. 

Mr. Héserr. Tomorrow the engineers will be with us. 

Thank you very much. 

Mr. Ferry. Thank you, Mr. Chairman. 

(At 11:50 a. m., the subcommittee adjourned, to reconvene at 
10 a. m., of the following day, Thursday, June 27, 1957.) 
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THURSDAY, JUNE 27, 1957 


Hovse or REPRESENTATIVES, 
CoMMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D. C. 

The subcommittee reconvened at 10 a. m., the Hon. F. Edward 
Hébert, Chairman of the subcommittee, presiding with the following 
members present: Mr. Hess, Mr. Gavin, Mr. Rivers, Mr. Cunningham, 
Mr. Fisher, Mr. Bates, Mr. Hardy, Mr, Osmers, and Mr. Miller. 

Mr. Hésert. The committee will be in order. 

Mr. Courtney. Mr. Chairman, I believe the Colonel has one correc- 
tion to make in the record. 

Mr. Chairman, in answer to the interrogatories of the subcom- 
mittee, we have asked certain questions with respect to the engineer- 
ing backup information suggested in Mr. Ferry’s prepared statement. 

T have asked the Air Force to prepare the answers to the various 
questions which have been asked on that subject with relation to all 
of the fields, and all of the failures that have been referred to by 
Mr. Ferry and by the other witnesses in the course of their testimon 
so that we would have in one place in the record the factual eek: 
ground and engineering background, or the engineering information 
upon which this decision has been based. 

Mr. Hésert. All right. 

Mr. Courtney. Colonel, will you proceed first with the correction 
of the record ? 

Colonel Conner. Yes, sir. 

Mr. Chairman, it is desired to further clarify a portion of the 
Air Force testimony of yesterday, June 26, concerning the adoption 
of the exclusive use of rigid-type pavement for primary use airfield 
pavements. 

It was stated that the Kelly test was partially responsible for the 
adoption of the rigid pavement policy. It is now desired to state 
that this is a misstatement of fact and that the rigid pavement policy 

was adopted prior to the completion of the Kelly test. 

The policy was adopted in December 1955. The first results of the 
Kelly test became known in the summer of 1956. 

Mr. Hess. What do you mean by the policy was adopted now? 
What policy ? 

Colonel Conner. The policy to go to exclusive use of rigid pave- 
ments on airfields. 

Mr. Hess. That was adopted when in 1955? 

Colonel Conner. December 1955; yes, sir. 

Mr. Hess. December 1955: about a year and a half after this com- 
mittee had reached an agreement with the Air Force. 
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Colonel Conner. Approximately so; yes, sir. 

Mr. Rivers. Could I make an observation, Mr. Chairman? If Mr. 
Hess is through ? 

Mr. Hess. Yes, go ahead. 

Mr. Rivers. You say the Kelly test had nothing to do with the 
adoption of the rigid pavement policy ? 

Colonel Conner. That is correct, sir. 

Mr. Rivers. Has it got anything to do with the retaining of it ? 

Colonel ConNER. Yes, sir, 

Mr. Rivers. Or expanding it? 

Colonel Conner. Yes, sir. 

Mr. Rivers. I think that should be in the record. 

Colonel Conner. It has at this time. 

But we made a flat misstatement of fact yesterday on the subject. 

Mr. Rivers. Well, there is nothing like an honest confession; it is 
good for the soul. 

Mr. Hésert. Are you through? 

Mr. Hess. Yes. 

Mr. Héserr. Colonel, what was the reason of the Kelly test? 

Colonel Conner. The Kelly test was part of a continuing program 
that the Air Force was employing the Corps of Engineers in research 
and development. 

Mr. Héserr. But the Air Force made its decision before all the 
results were in? 

Colonel Conner. Yes. sir. 

Mr. Courtney. Actually, you made it before the test was under- 
taken ? 

Colonel Conner. No, sir; the test was underway at the time. 

Mr. Courtney. Was it? 

Colonel Conner. Yes. 

Mr. Hésert. The test was actually—in other words, before all 
precincts were heard from, you declared the man elected. 

Colonel Conner. Yes, sir. 

Mr. Hésert. We would get along very badly up here if we did that. 

Mr. Rivers. That thing is going to read mighty funny, without all 
the reasons in the record. 

Mr. Héperr. It is. 

Mr. Rivers. Mr. Chairman, if you will permit me—Colonel, I would 
give the reason for your continuation of the Kelly tests You must 
have a reason for the Kelly tests. 

Colonel Conner. Yes. 

Mr. Rivers. And I think you should give them. I am not going 
to suggest what they are. But you ought to have a reason for them. 
It might be for economy, to make the concrete better and thinner 
and cheaper. 

Mr. Hésert. That was the testimony yesterday, Mr. Rivers, that 
economy had nothing to do with the test. 

Mr. Rivers. I certainly would not get in the position where you are 
going to have a record to haunt you and have to change it again. 

Mr. Héserr. I will say this, that the record is very haunting. I 
am afraid it is going to be like Banquo’s ghost, and come up here 
many times, unless the Air Force determines what its olicy is and 
does not come in here day after day to correct and clarify a record. 
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I recall very vividly yesterday when Mr. Leslie was testifying, 
he was telling me one thing and you two gentlemen were shaking 
your heads in the negative. 

It did not make a very, very impressive record, I assure you, 
Colonel. 

That is all. I would suggest this now, that you tell us why you 
condueted the Kelly test and why you made your decision before all 
the records were in. Supposing the Kelly test had proven contrary 
to what it did prove. ne Air Force had already committed itself 
to rigid pavement, contrary to its agreement with the committee. 
Where would you stand then? 

Colonel Conner. We continued the Kelly test as part of a research 
and development program, in the hopes that it would show us that 
good asphalt pavement could be built. We went to our rigid policy 
in December 1955, based on our field experience with already exist- 
ing in-use pavement. 

r. Rivers. Well, then, the Kelly test was really to justify asphalt 
more than concrete ? 

Colonel Conner. It was to justify neither one, sir. It was an ex- 
perimental test to see what could be done. 

Mr. Rivers. Mr. Chairman, may I ask this along with your other 
inquiry ¢ 

Mr. Hésert. Yes. 

Mr. Rivers. Was this a military expert decision or a civilian expert 
decision to use rigid pavement? I assume it was an expert decision. 

Colonel Conner. It was a considered decision made by the military 
and endorsed by the civilians. 

Mr. Rivers. Listen to that, Mr. Chairman. 

Mr. Héserr. What wasthat? Iam sorry. 

Mr. Rivers. In response to my question, he said this decision to 
utilize the rigid construction was a military expert conclusion, ap- 
proved by the civilian; is that right? 

Colonel Conner. Approved. 

Mr. Rivers. Approved by the civilians. 

Colonel Conner. Endorsed by the. civilian side of our house, yes. 

Mr. Courtney. Civilian side of the Air Force? 

Colonel Conner. Yes, sir; the secretarial. 

Mr. Hésert. Colonel, continue to make your statement. 

Mr. Fisuer. Mr. Chairman 

Mr. Heésert. Mr. Fisher ? 

Mr. Fisuer. May I ask one question that might be pertinent at this 
point. In addition to the Kelly test, have there been any other tests 
made, say, by the Corps of Engineers in regard to the relative effec- 
tiveness of either concrete or asphalt ? 

Colonel Conner. Yes, sir, there have been continuing research pro- 
grams in both concrete and asphalt pavements by the Re of Engi- 
neers at their Waterways Experiment Station, Vicksburg, Miss., and 
also at their Concrete Rigid Laboratory near Cincinnati, Ohio. 

Mr. Heéserr. That is all in the record, Mr. Fisher. 

Mr. Fisuer. Yes. 

Mr. Gavin. About $8 million has already been spent on research, 
is that right ? 
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Mr. Fisuer. Has the result of that been put in the record, the find- 
ings from the Corps of Engineers? 

r. Hépertr. No; the engineers have not testified as yet. 

Mr. Courtney. That comes this morning. 

Mr. Hépert. Yes. 

Mr. Courtney. Mr. Chairman, one question. 

Mr. Héserr. Mr. Courtney. 

Mr. Courrney. In the course of your answer you kind of faded 
out in a sentence. You said the civilian side of your house and I 
asked you whether that meant the Department of Air Force, and 

ou said “had approved the military decision” which was made in 

ecember of 1955 to go to rigid pavement, and you started to say 
something about at the secretarial level. What is the rest of that 
answer? Was oy decision made at the Secretary’s level ? 

Colonel Connkr. No, sir. 

Mr. Courrney. On the civilian side of the house. 

Colonel Conner. It was approved at that level, yes, sir. It was 
— within Assistant Chief of Staff, Installation, United States Air 

orce. 

Mr. Courtney. The decision was made within Assistant Chief of 
Staff, United States Air Force? 

Colonel Conner. Yes, sir. 

Mr. Courtney. As a military decision ? 

Colonel Conner. Yes, sir. 

Mr. Courtney. Then do I understand that the civilian engineers 
employed in the Department of Air Force agreed with the decision ? 

olonel Conner. Yes, sir. 

Mr. Courrney. And that the decision having been made in that 
manner was finally approved by the Secretary of the Air Force? 

Colonel Conner. By the Secretary of the Air Force, and finally 
by the Secretary of Defense. 

Mr. Courtney. And when did those latter two decisions occur with 
reference to December 1955, if you know ? 

Colonel Conner. The decisions were in the making all during the 
early fall—the fall and summer of that year. 

Mr. Courtney. Fall and summer of 1955? 

Colonel Conner. Yes, sir. 

Mr. Courtney. And does December 1955 represent the culmination 
and finalization of all decisions? 

Colonel Conner. That is when the Air Force received final ap- 
proval from the Office of the Secretary of Defense. 

Mr. Courtney. December 1955? 

Colonel Conner. Yes, sir. 

Mr. Courtney. That is right; I just wanted to be clear on that. 

Mr. Héserr. All right. 

Have you concluded, Colonel ? 

Colonel Conner. Yes, sir. 

Mr. Héserr. Have you any additional testimony ? 

Mr. Courtney. Now—any other corrections? 

Colonel Atexanper. Mr. Chairman, if I might—— 

Mr. Héserr. Yes, Colonel, speak. 

Colonel Atexanver. I would like to say just 1 or 2 more things 
about Kelly before we get on to the next item. The Kelly test track 
was undertaken at the time OSD, that is the Secretary of Defense, 
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approved the use of portland cement concrete for channelized traffic 


in primary taxiways. At the time he approved that the Secretary of 
Defense said : 


Instigate immediately further investigations on the designs to see if an ade- 
quate design for flexible pavement can be made for primary taxiways. 

As a result of that, the Kelly test track as well as investigational 
programs at both of the Corps of Engineers Laboratories, for rigid 
and flexible pavement, were undertaken. 

At the same time, these tests were going on, we were getting con- 
tinuous reports from the field of distress in flexible pavements, not 
only on the primary taxiways but in other areas. As a result of these 
many reports of failure and distress, the decision was made in De- 
cember of 1955 to go to all portland cement concrete. 

Due to the directive of the Secretary of Defense and the need to 

ain more knowledge about the design of flexible pavement, all of the 
investigational programs, including Kelly, were continued, and are 
continuing today. 

Mr. Gavin. Under whose supervision ? 

Colonel Atexanver. The Chief of Engineers, sir. 

Mr. Gavin. Department of the Army? 

Colonel ALExanper. Yes, sir. 

Mr. Hésert. Let me make one observation. 

In connection with that, Colonel, let me say the statement you just 
made now is a very articulate statement. But that statement could 
have been made yesterday as well as today. Now, there was no 
secrecy about what this hearing was about. You knew about it—I 
mean not you as an individual; the Air Force knew about it. 

Colonel ALExaNpER. Everybody knows about it. 

Mr. Hénerr. And certainly, after this controversial issue has been 
before us so long. Everybody representing the Air Force here should 
have anticipated at least in understandable knowledge that we were 
going to ask these questions. 

The comment that I make is that it does not make a very good 
looking case for the Air Force to come in and change a record or to 
correct a record on facts which should have been common knowledge— 
almost routine knowledge. 

Colonel ALEXANDER. Yes, sir. 

Mr. Hésert. I have been bending over backwards to give the Air 
Force every opportunity to put its case on the record. I will do the 
same with other witnesses and with the people who represent asphalt. 
Because the committee is not prejudiced one way or the other. We 
want to find out the facts. 

But it becomes very difficult, I am sure, for the members of the 
committee to resolve this conflicting testimony and continued changing 
and supplementation of testimony. 

Mr. Rivers. I notice you had a number of bases cataloged on one of 
your statements. I don’t know which one it was. The first day, I 
think in Mr. Ferry’s statement. : 

Now, does this decision to use rigid construction in any wise effect 
the construction of the Spanish bases? You have cognizance of those, 
don’t you? 

Colonel ALexaNnpeErR. Yes, sir. C 

Mr. Rivers. Now, if my memory serves me, we have asphalt bases in 
Spain? 
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Colonel Arexanver. I don’t believe all of them are, Mr. Rivers. I 
can’t tell you. As I recall, the only one I was on where concrete was 
being formed was Torrejon. 

Mr. Rivers. Torrejon was concrete ? 

Colonel ALExANpER. Yes, sir. 

Mr. Rivers. I think part of Zaragoza is asphalt. 

Colonel Conner. Yes, sir. 

Mr. Rivers. Are you agreeing with me or just—— 

Colonel Conner. Zaragoza—both of those runways I believe are 
asphalt, with concrete ends. 

Mr. Rivers. Concrete ends. Of course, all of them are concrete 
ends. 

Colonel Conner. Yes. 

Mr. Rivers. Including your parking. 

I know the parking is concrete, because I went there and looked at 
those while they were building them. 

Mr. Gavin. What year were you there, Mendel? 

Mr. Rivers. I was there the year before last. 

Mr. Gavin. I don’t know. As I recall, I think they are concrete 
runways. 

Mr. Rivers. I thought they were concrete. I checked the ques- 
tion with the Navy this morning, and the Navy told me it was con- 
crete. 

Mr. Hess. Torrejon is. 

Mr. Rivers. Torrejon is concrete. 

Mr. Hess. Concrete, yes. 

Mr. Rivers. Torrejon is concrete, and I think Moron may be as- 
phalt. That is outside of Seville, if my memory serves me. I don’t 
know what the Navy is doing down at Rota. 

I don’t know what that is covered with. 

But I want to know this. My question isthis. If you have asphalt 
in Spain, does this decision affect the construction? Because they 
are certainly SAC bases. 

Colonel Atexanper. It would affect them, Mr. Rivers, if there is 
construction subsequent to the policy of December 5. 

The work that was under way prior to that time would have been 
underway according to the criteria at that time. So it depends on 
when the jobs fell into the construction schedule. 

Mr. Rivers. As the chairman has called to my attention, even 
during construction if they found out something was better or more 
necessary—because there is going on in the back of the head of Gen- 
eral LeMay’s organization that perchance they might have to move 
out of north Africa into Spain. 

Colonel Atexanper. Right. 

Mr. Rivers. I didn’t hear General LeMay when he testified before. 
But I understand he gave the committee the impression that he pre- 
ferred concrete. That is just my understanding. 

Mr. Héserr. Let’s continue. Is that all? 

Mr. Courrney. Mr. Chairman, so we may complete the record, I 
am referring now to page 7 of Mr. Ferry’s statement and to the re- 
quest that we have the backup data on the various Air Force bases 
to which he made reference. 
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Overnight, the colonel has prepared answers to the same questions, 
with respect to each base, that were asked with reference to March 
Field, and Pinecastle. 

So, Colonel, will you proceed in your own way and read in the 
questions and the answers that are given with respect to each of the 
bases used as data for formulating your decisions. 

Colonel ALEXANDER. Yes, sir. 

Mr. Gavin. Would the gentleman repeat that again ? 

I didn’t hear it. We don’t have a statement. I want to know 
what you are interrogating the colonel on. 

Mr. Courtney. The statement is Mr. Ferry’s statement. 

Mr. Gavin. That is all right. 

Mr. Courtney. Mr. Chairman, we have asked with reference to 
two bases a series of questions as to the nature of the fault that was 
found and cause of it if known, the extent of the repairs, and similar 
questions. 

For the purpose of having a complete story, the same questions were 
asked with respect to all of the bases upon which this case is 
founded 

Mr. Héserr. And that will be put in the record. 

Mr. Courtney. The colonel is now going to answer the questions 
with reference to the other bases not enumerated. 

We have discussed March Field, and we have discussed Pinecastle. 

Now, we have the other five. 

Colonel, would you proceed ? 

Mr. Hess. Isn’t he just going to extend his remarks and put them 
in the record ? 

Mr. Héverr. Yes. 

Mr, Gavin. Is there anything significant in what he is about to 
report, other than that which we have already heard ? 

Mr. Courtney. Well, you may put them in the record. It isa ques- 
tion of whether you want them to read them in the record 

Mr. Rivers. It is just an implementation. 

Mr. Héserr. Put them in the record at this point. 

Mr. Courtney. Very well. 

Mr. Héserr. I might say unless there is some significant change in 
the other five-— 

Colonel ALexanper. Mr. Chairman? 

Mr. Héperr. Colonel Alexander. 

Colonel ALexanper. I would like to make one other point. We 
have covered not only the five additional ones, but we have covered 
all the flexible fields on which we are having trouble. So there are 
several more. 

Mr. Héserr. Have you covered all the rigid fields where you are 
having trouble? 

Colonel ALEXANDER. Yes, sir. 

Mr. Héserr. Include them both. 

Colonel ALExANpeER. Yes, sir. 

Mr. Gavin. How long will it take you to read the statement ? 

Colone] Atexanper. Oh, 15 minutes, sir, probably. 

Mr. Mitxer. I think he ought to read them. 

Mr. Héserr. All right. 

Colonel ALEXANDER (reading) : 
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Attus AIR Force BASE, OKLA. 


Nature of failure? Settlement of flexible pavement. 

Time of failure? Spring, 1957. 

Extent of failure? Unknown, being investigated by the Chief of Engineers. 

Where located? Near south end of runway. 

Cost of repair? Unknown. 

When constructed? 1954. 

Aircraft weight loads constructed for? 100,000 on twin wheels. 
struction has occurred. B-47 and KC-97 aircraft used this base. 

Would failures have occurred regardless of surface type of pavement? 


No recon- 


Im- 


possible to state factually, pending results of investigation by Corps of Engi- 


neers. This particular failure of flexible pavement is in addition to the struc- 


tural failure of complete flexible apron and taxiways that were constructed at 
Altus in 1952. The flexible pavement apron and taxiways are being recon- 
structed currently with rigid pavement, at approximate cost of $4 million. 


DAVIs-MONTHAN Atm Force Base, Artz. 


Nature of failure? Rutting of flexible pavement. 


Time of failure? Occurred over a period of years from 1958 to 1955. 
Extent of failure? Center of taxiway No. 14 for entire length. 

Coat of repair? $108,000 

Conetructed in 1052 

What aircraft weight load constructed for? 


100,000 pounds on twin wheels. 
Had any reconstruction occurred! 


No, it was new construction. 
What aircraft were using base’? K-47 and KC-07 


Would failures have occurred regardiess of surface type pavement? No 


liunven Arm Foner Naem, Ga 


Nature of failure? Rutting and settlement of flexible pavement 
Time of failure? 1006-1007 
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Litrte Rock Are Force Base 


Settlement of flexible pavement. 

Time of failure? 1956-57. 

Extent of failure? Initial distress, approximately 25 feet long, and 10 feet 
wide. Distress is spreading transversely and extending longitudinally along 
centerline of taxiway. 

Where located? On primary taxiway near apron at west end. 

Cost of repairs? Initial repair accomplished by a project contractor at no 
cost to the Government. It is estimated that it will cost $60,000 to replace the 
section of flexible taxiway with rigid pavement. 

When constructed? 1954. 

What aircraft weight load constructed for? 

No reconstruction had occurred. 

B-47 and KC--07 aircraft were using the base. 

Would failures have occurred regardless of surface-type pavement? No, 


if designed in accordance with current channelized design criteria for rigid 
pavement, 


100,000 pounds on twin wheels. 


Mr. Rivers. Did I understand him to say, Mr. Chairman, that 


S60,000 In repairs was 
the Government ¢ 
Colonel Auexanper. No: no, sir. 
Initial repat 
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Colonel Arexanper. I don’t believe all of them are, Mr. Rivers. I 
can’t tell you. As I recall, the only one I was on where concrete was 
being formed was Torrejon. 

Mr. Rivers. Torrejon was concrete ? 

Colonel ALexanper. Yes, sir. 

Mr. Rivers. I think part of Zaragoza is asphalt. 

Colonel Conner. Yes, sir. 

Mr. Rivers. Are you agreeing with me or just 

Colonel Conner. “Zaragoza—both of those runways I believe are 
asphalt, with concrete ends. 

Mr. Rivers. Concrete ends. Of course, all of them are concrete 
ends. 

Colonel Conner. Yes. 

Mr. Rivers. Including your parking. 

I know the parking is concrete, because I went there and looked at 
those while they were building them. 

Mr. Gavin. What year were you there, Mendel ? 

Mr. Rivers. I was there the year before last. 

Mr. Gavin. I don’t know. As I recall, I think they are concrete 
runways. 

Mr. Rivers. I thought they were concrete. I checked the ques- 
tion with the Navy this morning, and the Navy told me it was con- 

crete. 

Mr. Hess, Tor rejon is. 

Mr. Rivers. Torrejon is concrete. 

Mr. Hess. Concrete, yes. 

Mr. Rivers. Torrejon is concrete, and I think Moron may be as- 
phalt. That is outside of Seville, if my memory serves me. I don’t 
know what the Navy is doing down at Rota. 

I don’t know what that is covered with. 

But I want to know this. My question is this. If you have asphalt 
in Spain, does this decision affect the construction? Because they 
are certainly SAC bases. 

Colonel Atexanper. It would affect them, Mr. Rivers, if there is 
construction subsequent to the policy of December 5. 

The work that was under way prior to that time would have been 
underway according to the criteria at that time. So it depends on 
when the jobs fell into the construction schedule. 

Mr. Rivers. As the chairman has called to my attention, even 
during construction if they found out something. was better or more 
necessary—because there is going on in the back of the head of Gen- 
eral LeMay’s organization that perchance they might have to move 
out of north Africa into Spain. 

Colonel Atexanpver. Right. 

Mr. Rivers. I didn’t hear General LeMay when he testified before. 
But I understand he gave the committee the impression that he pre- 
ferred concrete. That is just my understanding. 

Mr. Héserr. Let’s continue. Is that all? 

Mr. Courtney. Mr. Chairman, so we may complete the record, I 
am referring now to page 7 of Mr. Ferry’s statement and to the re- 
quest that we have the backup data on the various Air Force bases 
to which he made reference. 
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Overnight, the colonel has prepared answers to the same questions, 
with respect to each base, that were asked with reference to March 
Field, and Pinecastle. 

So, Colonel, will you proceed in your own way and read in the 
questions and the answers that are given with respect to each of the 
bases used as data for formulating your decisions. 

Colonel ALEXANDER. Yes, sir. 

Mr. Gavin. Would the gentleman repeat that again ? 

I didn’t hear it. We don’t have a statement. I want to know 
what you are interrogating the colonel on. 

Mr. Courtney. The statement is Mr. Ferry’s statement. 

Mr. Gavin. That is all right. 

Mr. Courtney. Mr. Chairman, we have asked with reference to 
two bases a series of questions as to the nature of the fault that was 
found and cause of it if known, the extent of the repairs, and similar 
questions. 

For the purpose of having a complete story, the same questions were 
asked with respect to all of the bases upon which this case is 
founded 

Mr. Héserr. And that will be put in the record. 

Mr. Courtney. The colonel is now going to answer the questions 
with reference to the other bases not enumerated. 

We have discussed March Field, and we have discussed Pinecastle. 

Now, we have the other five. 

Colonel, would you proceed 

Mr. Hess. Isn’t he just going to extend his remarks and put them 
in the record ? 

Mr. Héserr. Yes. 

Mr. Gavin, Is there anything significant in what he is about to 
report, other than that which we have already heard ? 

Mr. Courtney. Well, you may put them in the record. It isa ques- 
tion of whether you want them to read them in the record 

Mr. Rivers. It is just an implementation. 

Mr. Héserr. Put them in the record at this point. 

Mr. Courtney. Very well. 

Mr. Héserr. I might say unless there is some significant change in 
the other five- 

Colonel ALexanper. Mr. Chairman ? 

Mr. Héserr. Colonel Alexander. 

Colonel ALexanver. I would like to make one other point. We 
have covered not only the five additional ones, but we have covered 
all the flexible fields on which we are having trouble. So there are 
several more. 

Mr, Héserr. Have you covered all the rigid fields where you are 
having trouble? 

Colonel ALEXANDER. Yes, sir. 

Mr. Héserr. Include them both. 

Colonel ALEXANDER. Yes, sir. 

Mr. Gavin. How long will it take you to read the statement ? 

Colonel Avexanper. Oh, 15 minutes, sir, probably. 

Mr. Mitzer. I think he ought to read them. 

Mr. Hésgerr. All right. 

Colonel ALEXANDER (reading) : 
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Attus AIR Force Bass, OKLA. 


Nature of failure? Settlement of flexible pavement. 

Time of failure? Spring, 1957. 

Extent of failure? Unknown, being investigated by the Chief of Engineers. 

Where located? Near south end of runway. 

Cost of repair? Unknown. 

When constructed? 1954. 

Aircraft weight loads constructed for? 100,000 on twin wheels. No recon- 
struction has occurred. B-47 and KC-97 aircraft used this base. 

Would failures have occurred regardless of surface type of pavement? Im- 
possible to state factually, pending results of investigation by Corps of Engi- 
neers. This particular failure of flexible pavement is in addition to the struc- 
tural failure of complete flexible apron and taxiways that were constructed at 
Altus in 1952. The flexible pavement apron and taxiways are being recon- 
structed currently with rigid pavement, at approximate cost of $4 million. 


Davis-MONTHAN AIR ForcE BASE, ARIZ. 


Nature of failure? Rutting of flexible pavement. 

Time of failure? Occurred over a period of years from 1953 to 1955. 

Extent of failure? Center of taxiway No. 14 for entire length. 

Cost of repair? $198,000. 

Constructed in 1952. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 
Had any reconstruction occurred? No, it was new construction. 

What aircraft were using base? B-47 and KC-97. 

Would failures have occurred regardless of surface type pavement? No. 


Hunter Are Force Base, Ga. 


Nature of failure? Rutting and settlement of flexible pavement. 
Time of failure? 1956-1957. 


Mr. Rivers. Was Hunter a crash program? 

Mr. Courtney. Originally, you mean ? 

Colonel Atexanper. I don’t think so, but I can answer definitely, 
Mr. Rivers. 

Mr. Rivers. I was speaking about putting B-47’s at Hunter. Was 
that program a crash program ? 

Colonel Atexanver. No, sir. [Reading:] 


Extent of failure? Unknown, being investigated by the Corps of Engineers. 

Where located? Along centerline of primary taxiway. 

Cost of repairs? Unknown at this time. 

When constructed? 1953. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 
Which was the design loading for the B-47. 

Had any reconstruction occurred? No. 

What aircraft were using base? B-47 and KC-97. 

Would failures have occurred regardless of surface type pavement? This 
can’t be determined pending completion of investigation. 


HOMESTEAD Arr Force BASE, FLA. 


Nature of failure? Settlement of flexible pavement. 

Type of failure? Has been developing during past few months. 

Extent of failure? Unknown. Being investigated by Corps of Engineers. 

Where located? On center line of primary taxiways. 

Cost of repairs? Unknown at this time. 

When constructed? 1954, 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

Had any reconstruction occurred? No. 

What aircraft were using base? B-47 and KC-97. 

Would failures have occurred regardless of surface-type pavement? Can't 
say until investigation has been completed. 
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Litrte Rock Arg Force BAse 

Settlement of flexible pavement. 

Time of failure? 1956-57. 

Extent of failure? Initial distress, approximately 25 feet long, and 10 feet 
wide. Distress is spreading transversely and extending longitudinally along - 
centerline of taxiway. 

Where located? On primary taxiway near apron at west end. 

Cost of repairs? Initial repair accomplished by a project contractor at no 
cost to the Government. It is estimated that it will cost $60,000 to replace the 
section of flexible taxiway with rigid pavement. 

When constructed? 1954. 


What aircraft weight load constructed for? 100,000 pounds on twin wheels. 
No reconstruction had occurred. 


B-47 and KC-~97 aircraft were using the base. 

Would failures have occurred regardless of surface-type pavement? No, 
if designed in accordance with current channelized design criteria for rigid 
pavement. 

Mr. Rivers. Did I understand him to say, Mr. Chairman, that 
$60,000 in repairs was absorbed by a project contractor at no cost to 
the Government ? 

Colonel ALexanpver. No; no, sir. 

Initial repairs accomplished by project contractor at no cost to the 
Government. 

Mr. Rivers. Project—you mean the man who built them to start 
with? 

Colonel Atexanper. Yes, sir. 

Mr. Rivers. What were those failures? $60,000 is not what you 
are talking about now? 

Colonel Atexanper. No, sir. 

The second item—it is estimated that it will cost $60,000 to replace 
the section of flexible taxiway with rigid pavement. 

Mr. Rivers. You don’t know what caused the first failure ? 

Colonel ALexanper. No, sir. 

Mr. Rivers. It might have been just a sorry contractor. 

Colonel Avexanprer. Mr. Leslie tells me it was channelized traffic. 

Mr. Rivers. Channelized traffic. 

I wish you would put in layman’s words what “channelized traffic” 
means. It means one wheel running behind the other on a certain part 
of the runway, doesn’t it? 

Colonel ALexanper. Continuously; yes sir. It is just like it was 
on streetcar tracks, Mr. Rivers. It goes down that same track time 
after time after time. 

Mr. Rivers. What do you have—a white line down there where 
they can’t miss it? 

Colonel Arexanpver. We have a white centerline, and he stays as 
close to it as possible. 

Mr. Rivers. Stays as close to the centerline ? 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. I see. 

The area is the channel. You got me less confused with that than 
you did with the original one. 

Mr. Hésert. Continue. 

Colonel ALexaNnper. March Air Force Base is already in the record. 

Pine Castle Air Force Base—— 

Mr. Courrney. Is in the record. 

Colonel ALEXANDER (reading) : 
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FarrcHitp Ar Force Base, WAsH. 


Nature of failure? Rutting of flexible pavement in certain channelized traffic 
lane. Time of failure? During past 3 years. Extent of failure? Full length 
of primary taxiway. Approximately 22 feet each side of taxiway centerline— 
that was where located. 

Cost of repairs? Unknown. When constructed? 1953. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 
No reconstruction has occurred. B-386 aircraft were using base. 

Would failures have oceccurred regardless of surface type pavement? Can’t 
say until investigations are completed by Corps of Engineers. 


WaLker Arm Force Bass, N. MEx. 


Rutting of flexible pavement. 

Time of failure? During past 2 years. 

Extent of failure? Unknown pending completion of investigation. 

Located? On primary taxiway, approximately 22 feet each side of taxiway 
centerline. 

Cost of repair? One project cost $30,000, and another project now being ad- 
vertised is estimated to cost $130,000. 

When constructed? 1952-53. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

Had any reconstruction occurred? Yes. If so, what was it? The initial 
project called for strengthening on existing flexible pavement runway for use 
as taxiway. 

What aircraft were using base? B-36. 

Would failures have occurred regardless of surface type pavement? Can’t 
say until investigations are completed by Corps of Engineers. 

I have two on Castle Air Force Base. 


rm™ 


Che first one: Settlement and cracking of flexible pavement. 

Time of failure? During past 12 months. 

Extent of failure? Unknown pending investigation by. Corps of Engineers. 

Where located? On runway near south end, and is a channelized area. 

Cost of repair? Unknown pending investigation by Corps of Engineers. 

When constructed? 1954. 

What aircraft weight load constructed for? No load design was specified. 
Project called for constructing 4-inch bituminous overlay on existing flexible 
pavement runway. 

Had any reconstruction occurred? No. 

What aircraft were using base? B47 and B-52. 

Would failures have occurred regardless of surface type pavement? Can’t 
say pending investigation by Corps of Engineers. 


A ' ; 
Che second one at Castle. 


Nature of failure. Built in grade differential. 

Time of failure? 1953. 

Extent of failure? Series of pavement sections which were constructed as 
much as three-tenths of a foot below plan grade. 

Where located? On runway-—it is located on primary runway. 


Cost of repair? $350,000 for one project. Another project estimated to cost 
$130,000 is being prepared for contract. 
When constructed? 1953 


The last questions are the same as the first item for Castle. 

Mr. Rivers. Mr. Chairman, right there. Castle is out in California. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. While you are doing the repairing, you are making it 
now accessible to the 52 specifications? You are repairing and build- 
ing it thicker at the same time, aren’t you? 


Colonel Atexanper. Mr. Rivers, when we repair a small area or 


comparatively small area on one of these large runways, our normal 
practice is to fill in the holes to the same strength that the rest of the 
pavement is. 
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If the areas grow larger, then we have to come in with a project 
for strengthening the entire thing. But we never felt it was practical 
to fill a small hole stronger than what is around it. 

Mr. Rivers. I was thinking that base was built for 47’s, really; I 
mean in strength. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. You have 52’s there, haven’t you ? 

Colonel ALExaNnpeER. Yes, sir. 

Mr. Rivers. So you are probably preparing a project now, aren’t 
you ¢ 

Colonel ALEXANDER. No, sir. 

On this entire item of strengthening for the B—52’s, the way we are 
thinking is—until they start showing some serious signs of distress, 
we won't come in for strengthening projects. 

Mr. Rivers. And there are no signs of that now 4 

Colonel Atexanper. There are signs of the roughness—we are just 
not sure what the extent of this first 1s. 

Mr. Rivers. There are signs of certain elements of deterioration ? 

Colonel ALEXaNpER. Yes, sir, and we are not sure of the extent. 

This is the third one at Castle. [Reading:] 


Nature of failure? Cracking of rigid pavement in channelized traffie area. 

Time of failure? During past 18 months. 

Extent of failure? Unknown pending investigation by Corps of Engineers. 

Located? On primary taxiway, on through taxiway leading from pavement 
parking apron. 

Cost of repair? Unknown pending investigation by Corps of Engineers. 

When constructed? 1952. 

What aircraft weight load constructed for? Project specified the design load 
would be the same as existing connecting pavements. 

What aircraft were using base? B-—47 and B-52. 

Would failures have occurred regardless of surface type pavement? Yes, 
because pavement is overloaded. 


TINKER AIR Force BASE, OKLA, 


Nature of failure? Settlement and rutting of flexible pavement. 

Extent of failure? Approximately 160,000 square yards. 

Where located? Entire portion of runway, which was strengthened. 

Cost of repair? Estimated $2 million to reconstruct. 

Vhen constructed? 1954. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

Had any reconstruction occurred? Yes. If so, what wasit? Flexible pave- 
ment overlay. 

What aircraft were using base? All types, as this is an AMC depot. That 
includes the B-47 and the KC-97. 

Would failures have occurred regardless of surface-type pavement? No. 


WeEsTOVER AIR ForcE BASE, MASs. 


Nature of failure? Nonuniform settlement of flexible pavement. 

Time of failure? During past 12 months. 

Ixxtent of failure? Unknown, pending investigation by Corps of Engineers. 

Where located? On runway. Various preliminary reports do not specify 
exact locations. 

Cost of repair? Unknown, pending results of investigation by Corps of 
EXngineers. 

When constructed? 1955. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

No reconstruction had occurred. B-47 and B-52 aircraft were using base. 

Would failures have occurred regardless of surface-type pavement? Un- 
known, pending results of investigation by Corps of Engineers. 
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Mr. Mriier. Is that a permanent, or is that an asphalt or a concrete 
pavement ? 

Colonel ALExANnpER. That was flexible pavement, sir. 

Mr. Mitre. Excuse me. 

Colonel ALexanper. Lake Charles Air Force Base, La. 


Nature of failure? Cracks in rigid pavement in channelized traffic areas. 
Hxtent of failure? Minor. 

Where located? On primary taxiway and runway at south end. 

Cost of repairs? None to date. 

When constructed? 1952. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 
No reconstruction had occurred. B-—47 aircraft were using base. 

Would failures have occurred regardless of surface-type pavement? Yes. 


Forses Arm Force Base, KANs. 


Nature of failure? Cracking of rigid pavement in channelized traffic areas. 

Time of failure? During past 12 months. 

Extent of failure? Unknown, pending results of investigation by Corps of 
Engineers. 

Located? On primary taxiway in channelized traffic area. 

Cost of repair? Unknown, pending results of investigation by Corps of 
Engineers. 

Constructed? 1954. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

No reconstruction had occurred. B-47 aircraft are using base. 

Would failure have accurred regardless of surface-type pavement? Un- 
known, pending results of investigation by Corps of Engineers. 


Mr. Rivers. If the rest of them are like that, Mr. Chairman, why 
can’t we just put them in ? 

Mr. Héserr. Members of the committee want to hear them, Mr. 
Rivers. 

Mr. Gavin. Call the names of them off and put the rest of it in the 
record. 

Mr. Rivers. Yes. 

Colonel Atexanper. All right. [Reading:] 


Smoky Hirt Arr Force BASE 


Nature of failure? Spalling of joints in rigid overlay pavement. 

Time of failure? 1956. 

Extent of failure? Scattered locations. 

Where located on runway? Generally. 

Cost of repair? Unknown. 

When constructed? 1955. 

What aircraft weight load constructed for? 100,000 pounds on twin wheels. 

Had any reconstruction occurred? No. 

What aircraft were using base? B-—47. 

Would failures have occurred regardless of surface type pavement? No. This 
type of failure is peculiar to rigid pavement only and due to poor construction 
practice. 

LuxKe ArrR Force BASE, ARIZONA. 


Nature of failure? Bleeding due to excess asphalt in bituminous mix and 
poor plant control. 

Time of failure? 1953. 

Extent of failure? Generally. 

Where located? Generally, but more pronounced on taxiways. 

Cost of repair? No repairs have been accomplished outside of occasional appli- 
cations of sand to absorb the excess asphalt. 

When constructed? 1952. 

What aircraft weight load constructed for? 25,000 pounds on single wheel. 

Had any reconstruction occurred? No. 
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What aircraft were using base? F-84, 

Would failures have occurred regardless of surface type pavement? No, This 
type of failure is peculiar to asphaltic concrete pavement only. 

Colonel ALExANDER. Vincent Air Force Base. 

Mr. Héserr. V-i-n-s-o-n? 

Colonel ALExaNperR. V-i-n-c-e-n-t. [Reading:] 

Nature of failure? Bleeding due to excess asphalt in bituminous mix, 

Time of failure? 1954. 

Where located? On primary taxiway and runway. 

Cost of repair? No repairs have been accomplished outside of occasional ap- 
plications of sand to absorb excess asphalt. 

When constructed? 1954. 

What aircraft weight load constructed for? 25,000 pounds on single wheel. 

Had any reconstruction occurred? No. 

Would failures have occurred regardless of surface type pavement? No. This 
type of failure is peculiar to asphaltic concrete only. 

Smoky Hill Air Force Base, Kans. Luke Air Force Base, Ariz. 

9 9 
Vincent Air Force Base, Ariz. 

Myrtle Beach Air Force Base, S. C. 

Mr. Rivers. They just finished that one. 

Colonel ALexanper. Yes, sir. 

Mr. Rivers. Read that. I want to hear about that. 

Colonel Atexanver. [ Reading:] 

Nature of failure? Distortion and cracking of flexible type pavement. 

Time of failure? 1956. 

Extent of failure? Unknown, pending results of investigation by Corps of 
Engineers. 

Located on taxiway. 

Cost of repair? Unknown pending results of investigation. 

Constructed? In 1955. 

What aircraft weight load constructed for? 25,000 pounds on single wheel. 

Had any reconstruction occurred? No. 

Would failures have occurred regardless of surface type pavement? Unknown, 
pending results of investigation by Corps of Engineers. 

Mr. Rivers. That is very interesting, Mr. Chairman, because they 
haven’t even the planes there yet. You got about half a dozen or 
maybe a little more. But you haven’t even gotten your wings imple- 
mented. 

Colonel ALExANpER. There must be some traffic there, Mr. Rivers. 

Mr. Rivers. A little. You don’t have many planes there. You are 
just now phasing them in. 

Colonel ALEXANDER. Yes, sir. 

Mr. Rivers. It looks to me like that burst right in your face. 

Colonel ALEXANDER. Just about. 

Mr, Gavin. Weather conditions down there. 

Mr. Rivers. It just goes to show you that is what you get for let- 
ting some of these y rankees go down there to build runways? 

Mr. Hérerr. Continue, C ‘olonel. 

Colonel ALexanper. That concludes the fields I have. 

Mr. Hézert. Now, Colonel, there is just one question that I wanted 
to ask you in connection with the list you read. As I followed you 
along, I noticed that most of these failures have occurred within the 
last 18 months or 2 years, is that correct? 

Mr. Gavin. 1952 and 1953. 

Mr. Hézerr. No, no; they were constructed. I am talking about the 
failures. 
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Colonel Arexanper. A good portion of them have, but they have 
also been occurring over ‘oh, since 1953. Since the B-47 came into 
the picture we have had distress accelerating. We got the first signs 
of it when the first B-47’s came in. 

Really, the thing that changed us to this portland cement criteria in 
December 1955 was the growing number of reports that we were get- 
ting from the field on distress. 

We realized at that time that many of them were small, but it was 
an indication of things to come. The Air Force felt we couldn’t take 
the chance. 

Mr. Héerr. How about the B-52? Did that have anything to do 
with it? 

Colonel ALexanver. No, sir. The B-—52 first reflected in our pave- 
ment criteria when we changed from 100,000 pounds on twin wheels 
to 240,000 pounds on the twin-twin wheels. 

Mr. Hess. When was that ? 

Colonel ALExANpER. That was in May of 1956. 

Mr. Rivers. That was at Castle, mostly. 

Colonel ALEXANpDER. Yes, sir. 

Mr. Héserr. And then it began to reflect on the rigid pavements. 

Colonel ALEXANDER. Yes, sir. The B-47 reflected in the rigid pave- 
ment also, Mr. Hébert, at Lake Charles. 

Mr. Héserr. And then it was accelerated when the B-52’s came in? 

Colonel ALExANvER. Not significantly, as we don’t have enough of 
them operating. 

Mr. Héserr. You don’t know. 

Colonel ALexanver. Also they are operating at light loads, as most 
of them are still in a training status. 

Mr. Heserr. All right. Is that all, Colonel ? 

Colonel Atexanper. Yes, sir. 

Mr. Rivers. May I ask General Wilson a question before I go? 

Mr. Héserr. We will get around to him. Let us finish. 

Mr. Courtney. 

Mr. Courtney. Colonel, the information which you have just given 
the committee with reference to the list of bases to which you have 
made reference is the sum of the information which the Air Force 
has upon which it has based its engineering judgment concerning the 
present criteria ? 

Coloned Atexanper. Yes. I would like to amend that slightly. 

The only thing we have reported to you in this list, are what we 
term structural failures. We have not considered any heat, blast, fuel 
spillage—we have many : of those, and we have not brought those up. 
All these are structural failures, we consider. 

Mr. Courrney. That is right. 

Colonel ALEXANDER. Yes, sir. 

Mr. Courrneny. The other types of failures have been enumerated 
in Mr. Ferry’s statement, but they deal with surface conditions. 

Colonel ALExanper. Yes, sir. 

Mr. Courrney. Rather than structural failures. 

Colonel ALEXANDER. Yes, sir. 

Mr. Courtney. Colonel, in many of the bases to which you made 
reference in this list, you made reference to the fact that the bases 
were constructed in 1954—I think 5 of them as I counted them on 
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my fingers—and that they were designed for 100,000-pound loading, 
which is the present design criteria. 

Colonel Atexanprra. No, sir. Our present criteria is 240,000. 

Mr. Courtney. 240,000. 

Colonel ALexanper. Yes, sir. 

Mr. Courtney. I beg your pardon. 

All right. Pass the question. That is all with the colonel at the 
moment. 

Mr. Hésert. Thank you very much, gentlemen. 

Mr. Harpy. Mr. Chairman, could I ask a question about yesterday’s 
testimony, while we have the colonel on the stand ? 

Mr. Heéserr. Yes. 

Mr. Harpy. Yesterday, we have some discussions about the test 
track at Kelly. I am not entirely clear—there is some confusion, at 
least in the testimony as I read it, with respect to the extent of the 
damage and what would have been involved in repairing the damage. 

Now, I understood from the testimony that the damage on the test 
track was purely surface damage, is that correct 

Colonel ALexanper. Mr. Hardy, we have not received in Air Force 
Headquarters the formal report of the Kelly test track from the 
Corps of Engineers that performed it. 

I would like to pass that question to the Corps of Engineers wit- 
nesses to describe that to you. 

Mr. Harpy. Let me ask a question, Colonel. 

Colonel ALexanper. Yes, sir. 

Mr. Harpy. Was the damage on that Kelly test track repaired? 

Colonel ALEXANDER. No, sir. 

Mr. Harpy. It has not been repaired ? 

Colonel Atexanper. The Kelly test track was built into an opera- 
tional Air Force base. It was built on a taxiway that was an inte- 
gral part of this base. The original intent was that this one-time test 
would be run, and the base would be allowed to get back on the taxi- 
way and operate. 

Mr. Harpy. Was the surface of that area where the asphalt con- 
crete was laid—was that surface repaired ? 

Colonel ALEXANDER. No, sir. 

Mr. Harpy. It is not in use today? 

Colonel Atrexanper. Pardon me, sir. I made a misstatement. 
The taxiway has been reconstructed, and it is now part of the opera- 
tional base at Kelly. 

Mr. Harpy. Do you know the extent to which that taxiway was 
reconstructed and what was done in its reconstruction ? 

Colonel Atexanper. No, sir. 

Mr. Harpy. Do you know whether, in fact, there was anything more 
than a resurfacing? 

Colonel Auexanver. No, sir. 

Mr. Harpy. Then you don’t know whether there was a repair— 
whether that surface was actually repaired or whether it was rebuilt ? 

Colonel ALExANper. No, sir. 

Mr. Harpy. Then you don’t have any information as to what cost 
was involved in putting that section of the taxiway back into service? 

Colonel ALexanver. No, sir. 
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Mr. Harpy. Then to say that the cost figures are not available 
would not necessarily be a factual statement, because somebody must 
know. 

Colonel Atexanper. I am sure they do, sir. 

Mr. Harpy. And to say that that section has not been repaired 
would not necessarily be factual, either, if you don’t know whether 
it was reconstructed or merely resurfaced, would it ? 

Colonel Atexanper. Well, I feel—I don’t personally know that the 
thing has been repaired, but I feel confident it has, because the field 
is operational. 

Mr. Harpy. If it is in use, it would have had to be repaired, 
wouldn’t it? 

Colonel ALExAnper. That is correct. 

Mr. Harpy. Mr. Chairman, the reason I raised these questions is 
that I had understood that that section was in service and that air- 
craft are using it every day, and the testimony that we had in here 
yesterday left me under the distinct impression that it had not been 
repaired and that it was sitting there and is idle and nobody could 
tell what the cost would be to repair it. 

Now, actually, Mr. Leslie’s testimony on it is pretty misleading, in 
my judgment. 

There was a considerable floundering around as to what it would 
cost to repair it. In fact, there was a question raised as to whether or 
not it was repairable, and there was a little dispute about that, until 
finally Mr. Ferry said, of course, it was repairable. And now we 
find, or we have testimony, that it is actually in daily use. 

So, frankly, I think that we have been—the committee has been done 
a disservice in the kind of testimony we had about that stuff yester- 
day. I want to pursue it further when we get to the engineers. But 
I thought, while we had these people here, we ought to at least estab- 
lish the fact that it is in use as of today. Is that correct? 

Colonel Auexanper. As far as I know, yes, sir. 

Mr. Hésert. Thank you very much, gentlemen. 

Mr. Gavin. Maybe Mr. Leslie would want to make a comment. 
Your name was referred to. Do you have a comment to make? 

Mr. Leste. I have nothing further to state, Mr. Gavin. 

Mr. Harpy. Mr. Chairman, as long as that has been raised, maybe 
Mr. Leslie ought to look at what he said yesterday, because he indi- 
cated there was some question as to whether or not it could be repaired. 
I have the transcript right before me. Mr. Bates raised the question: 


Well, could you have repaired it so that it would be usable? 
and Mr. Leslie said, 


We could have made a temporary repair. I wouldn’t say that it would have 
stood up under continuous traffic for another 5, 10, or 15 years. 


The plain implication, Mr. Chairman, is that no repair was made. 
There is another section in here. Mr. Hébert says: 

Your answer to Mr. Bates is you don’t know, Mr. Leslie— 
and Mr. Leslie said: 


In the case of the Kelly test track, I believe that, over a period of time, the 
amount of effort spent on making temporary repairs would soon eat up the 
original cost of the pavement. 


a rea 


QO — Fs — 


he 
he 


AIRSTRIP PAYING MATERIALS 1971 


Quite obviously, he didn’t have any idea that it had been done. And 
I don’t think it is particularly good testimony for witnesses, with the 
competence that these people have, to come in here and leave us with 
that kind of testimony. 

Mr. Héserr. Any comment, Mr. Leslie? 

Mr. Leste. There is no intention on the part of any one of us, I 
believe, Mr. Hardy, and Mr. Hébert, to leave the idea that no repairs 
had been made or repairs could not have been made. I haven’t been 
down there, and I don’t know what the exact condition of the pave- 
ment is to date. It is very possible—and that is what I was referring 
to yesterday when I made the statement; that it is possible to make 
temporary repairs. I say it is very possible that the engineer at Kelly 
may have gone out there, and put a temporary repair on it, just like 
we do at any of the other bases where we have failures of that kind. 

Mr. Harpy. Let me ask you another question. When were you 
down there, Mr. Leslie? 

Mr. Leste. In July 1956, Mr. Hardy. 

Mr. Harpy. It has been a long time ago. 

Mr. Leste. Yes, sir. 

Mr. Harpy. Now, I am going to read a little bit more of your testi- 
mony, as long as we got into this. Mr. Bates asked you how much 
damage was done to the asphalt in the Kelly test. 


Mr. Leste, I don’t have—we don’t have the final report on the Kelly test 
track, Mr. Bates. 


Mr. Leslie continues: 


When I was down there, there was what could be described briefly as a 
shoving of the asphaltic concrete to the side. There was about an inch, an inch 
and a half depression. 

That was over a year ago. 

Mr. Lxestie. Yes, sir. 

Mr. Harpy. Certainly, the assumption was left with me that there 
hadn’t been any repair made as of now. 

Now, to continue on, Mr. Chairman, with Mr. Leslie’s testimony, 
Mr. Bates said: 

Well, could you have repaired the asphalt of this field? 

Mr. Lesiiz. We could have made a stab at replacing the surface on the binder 
course. 

Now, of all the crazy, gobbledygook testimony, Mr. Chairman. I 
think it is an insult to this committee that we have that kind of testi- 
mony in our record. 

Mr. Leste. Mr. Hardy, it is very possible, as I said before, that the 
base engineer could have made a repair job. 

Mr. Harpy. Mr. Leslie, you come in here to testify before this com- 
mittee on conditions. We talk about conditions, whether or not re- 
pairs have been made, and you testify with respect to a condition 
which existed a year ago, and you must have known. Now, somebody 
in your office must have known that that section was in daily use. 

Mr. Lestre. Not necessarily—it is not necessarily the fact that we 
are up to date on the daily activities going on down at base level, Mr. 
Hardy. 

Mr. Harpy. Mr. Chairman, I just wanted to clear up what to me 
seemed to be a misrepresentation yesterday. 

Mr. Fisuer. Mr. Chairman ? 
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Mr. Héserr. Mr. Fisher? 

Mr. Fisurer. Mr. Chairman, can’t we save a lot of time and a lot 
of recordmaking by waiting for the witness who has been down there 
and can give us the actual facts ? 

Mr. Heserr. That is right. I am trying my best, Mr. Fisher, to try 
to get to it. 

Mr. Fisner. We are spending 30 minutes on something these people 
were never down there to see, and somebody has seen it, and we can 
get to them. 

Mr. Héserr. We are trying to get to the engineers. Just one final 
question I want to ask. Is the Kelly test the only test that was made 
as a comparable test between the rigid and the flexible pavement? I 
mean pitted one against the other. 

Colonel Atexanper. At one location. 

Mr. Héserr. Yes. That is all I want to know. Thank you very 
much. 

Mr. Gavin. I just want to say this. I don’t quite agree with my 
very able colleague over there. I didn’t know too much about rigid or 
flexible pavement when I came in here to listen to this testimony, and 
I think the Department of the Air Force has given us a comprehen- 
sive picture of the problem, and what they are trying to do, to see if 
they can’t improve the whole situation and to bring flexible pavement 
into the picture. 

Now, I think it is-quite difficult for a man like Mr. Leslie to cover 
every yard of every airstrip that is under question, to check and re- 
check and doublecheck. I suppose he w ould be on the go all the time 
if he had to go down and look over e very piece of airstrip that was in 
question. 

I presume, as far as I am concerned, the gentleman, to the best of 
his ability and knowledge, presented to the committee the facts as he 
sawthem. I don’t think that he was trying, at least in my estimation, 
to mislead the committee in any way in reaching a determination of 
this question. 

Mr. Bares. Mr. Chairman ? 

Mr. Héserr, Mr. Bates. 

Mr. Bares. Mr. Chairman, on yesterday I asked for comparable 
cost figures, not only the initial cost but the maintenance cost over a 
protracted period of time, to try to determine just what the cost 
factors are. Have they been supplied for the record 

Mr. Courtney. Not as yet, Mr. Bates. 

Mr. Bates. They will be? 

Mr. Hérerr. They will be. 

Colonel Conner. We are working on that now, sir. 

Mr. Hézerr. All right, thank you very much, gentlemen, for the 
allowance of your time. 


Mr, Courtney. General Wilson—General Wilson and party, if 
you wish. 


ca RR SS NER RE RE NRE OT 


ener set 


a 


oon er gre enna seeen OT 


ANSE EEE YAIR 


AIRSTRIP PAVING MATERIALS 1973 


TESTIMONY OF MAJ. GEN. WALTER K. WILSON, JR., DEPUTY 
CHIEF OF ENGINEERS FOR CONSTRUCTION; H. B. ZACHRISON, 
CHIEF OF THE ENGINEERING DIVISION, MILITARY CON- 
STRUCTION BRANCH, AND JAMES P. SALE, CHIEF OF THE 
SOILS SECTION, AIRFIELDS BRANCH, ENGINEERING DIVISION 


Mr. Courtney. Mr. Sale, you are appearing in lieu and instead of 
Mr. T. B. Pringle, who is incapacitated at the moment. 

Mr, Sate. Yes, sir. 

Mr. Courtney. General, I think you have a prepared statement. 
Will you proceed with it, please / 

General Wixson. I do. 

Mr. Hézerr. Proceed, General. 

Mr. Gavin. Glad to see that the Department of the Army is here 
now. We ought to be able to get this whole problem solved. 

Mr. Héserr. Proceed, General. 

General Witson. Mr. Chairman, with your concurrence I propose 
to present the Corps of Engineers picture in three general phases. 
The first phase will be my opening statement, of w hich you have a 
copy. ‘The second phase would be to attempt to answer general ques- 
tions, during which time, if the questions get into a detailed point, 
I would expect to call on other tec hnicians I have available to give 
factual answers at that time, The third phase is to be the presenta- 
tion of the investigational program which has been under discussion, 
at which time the rigid pavement would be discussed by Mr. Hutch- 
inson from our Ohio River Division Laboratory, the flexible pave- 
ment would be next, and discussed by Mr. Foster of the Waterways 
Experiment Station, and the third phase would be the heat and blast 
effects, discussed by Mr. Duvall of our Ohio Division River Labo- 
ratory. 

If that meets with your concurrence, that is the basic 

Mr. Hénerr. It certainly meets with my concurrence, and approba- 
tion, General. 

Proceed. 

General Witson. We also have Dr. Turnbull here, whom you re- 
quested as a witness, from the Waterways Experiment Station. 

Mr. Courtney. Vicksburg, Miss. 

General Wison. Vic ksburg, where the flexible laboratory is lo- 
cated. 

Mr. Héserr. All right, General, proceed. 

General Wirrson, The Chief of Engineers as construction agent for 
the Department of the Air Force has endeavored to provide the most 
economical airfield pavements meeting operational requirements. 
Since February 1952, about 71 million square yards of new pavements 
have been built of which 63 percent have been of the rigid type, and 
37 percent of the flexible type. Of a total cost of $400 million, about 
77 percent were for rigid and 23 percent for flexible. These costs 
include only the cost of the paving down to the subgrade and not 
such items as clearing, grading, and drainage. 

In early 1955, it became evident that changing operational require- 
ments, heavier aircraft weights, higher tire pressures, ground traffic 
“channelization” due to steerable bicycle landing gear, and porpoising 











1974 AIRSTRIP PAVING MATERIALS 


necessitated development of more critically designed pavement struc- 
tures with attendant higher costs. 

The need for better pavement ingredients has in some instances 
necessitated transportation of stone and aggregates from remote lo- 
cations with lessened use of local job-site materials which were ade- 
quate for the designs of prior years. 

Similarly, all related phases of pavement design and construction 
have required intensive development and refinement, including re- 
search and testing programs to formulate new criteria, more detailed 
soil investigations prior to design, top level review of field prepared 
designs, amplification of specifications, additional inspection pro- 
cedures, and evaluation of completed structures. 

The Chief of Engineers has continuously followed the principles 
of permitting use of economically available materials and methods 
meeting sound engineering design requirements and known opera- 
tional and functional needs of the using service for a specific project. 

For airfield pavements, built prior to 1954, the competitive ma- 
terials for Air Force, Army, and Air National Guard construction 
were asphaltic concrete and portland cement concrete, designated 
flexible and rigid pavements, respectively. 

I shall discuss flexible pavements first. 


FLEXIBLE PAVEMENTS 


Since 1952, approximately 26 million square yards of new flexible 
avements have been designed and constructed by the Corps of 
ngineers at some 105 Air Force bases throughout the United States 

and overseas. Pavement distress has been reported as of this date, 
which is about a week ago, to the Chief of Engineers at 16 of these 
installations; 13 on heavy-load (11 B-47 and 2 B-52) pavements 
and 3 on light-load pavements. 

In 10 of the 13 heavy-load pavements which showed distress, the 
problem was confined to areas subjected to the channelized traffic 
of B-47 aircraft. At one of these, distress was reported in both 
channelized and nonchannelized areas. Channelization, which is the 
concentration of all traffic into a very narrow pavement lane, results 
when certain aircraft, equipped with steerable landing gear, follow 
taxiway and runway paint stripes with little lateral distribution. 

Channelization may be termed an overload caused by a greater 
number of repetitions of traffic than the designs were based on. 

This represents a condition of “overuse” by producing approxi- 
mately six times the number of load repetitions assumed in design 
prior to 1955. Pavement areas subjected to channelization traffic 
actually represent less than 10 percent of the total pavements at a 
given airfield. 

Investigation and evaluation have been made on 12 (10 heavy-duty 
and 2 light-duty) of the 16 cases of pavement distress reported. 

Of the remaining cases, 2 are currently being investigated, and 2, 
which were reported within the past week, will be investigated as 
soon as possible. Channelization of traffic was a major factor in 8 
cases of the 12 investigated. 

Deficient design and construction was primarily the cause of dis- 
tress in the other 4 cases investigated; 2 of these were heavy-duty, 
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not channelized, and 2 were light-duty. The Chief of Engineers be- 
lieves there would have been substantially fewer reported deficiencies 
had channelization not occurred because of an operational character- 
istic of the B-47 aircraft. 

In June 1955, new design criteria were prepared which provided 
for the channelized traffic of the B47. In March 1956, similar criteria 
for the channelized traffic and increased loadings of the B-52 aircraft 
were issued. The behavior of flexible pavements in the accelerated 
traffic tests initiated in 1955 at the Waterways Experiment Station 
and at Kelly Air Force Base, Tex., indicated that the revised design 
criteria for the B47 and B-52 loadings are adequate for the layers 
underlying the asphaltic concrete pavement—that i is, the subgrade, 
subbase, and the base course—but this needs verification. These same 
test sections showed the asphaltic concrete layer of the flexible pave- 
ments to be inadequate. 

The latest revisions to design criteria (July 1956) for the asphaltic 
concrete layers, currently being traffic-tested at the Waterways Ex- 
periment Station, should result in pavements that are safe for the 
B-47 loading, and may well be safe for the B-52 loading from the 
standpoint of displacement under traffic. 

It should be emphasized, however, that further research and ex- 
perience are required to prove up this load- -carrying capability and 
to establish whether or not the desired pavement life can be attained 
due to a potential reduction in durability associated with these new 
surface layer criteria. 

With regard to future aircraft loadings heavier than the present 
B-52, sufficient work has been done on the design of flexible pave- 
ments to indicate that the remaining problems associated principally 
with the asphaltic layer may not be insurmountable. 

Further investigation is definitely required before any design or 
construction for these extremely heavy loadings is initiated. 

There are cogent reasons why a heavy-load flexible design should 
be available for use in case of need. These reasons include: 

(a) It is impractical to build extensive portland cement concrete 
pavements in arctic regions such as Thule Air Force Base, Greenland, 
due to short periods of appropriate temperature. 

(6) In areas where sound concrete aggregate is unavailable, such 
as Bermuda, the cost of portland cement concrete is prohibitive. 

(c) Flexible type pavement lends itself more readily to rapid con- 
struction by troops in time of war. 


RIGID PAVEMENTS 


During the past 5 years, approximately 45 million square yards 
of new heay y- and light-load rigid pavements have been designed and 
constructed by the Corps of Engineers at 136 Air Force bases. Rigid 
pavements have evidenced fewer cases of pavement distress than 
flexible pavements even though subjected to the same channelized 
traffic. The Chief of Engineers is aware of three airfields showing 
distress as a result of channelized traffic, and two instances of distress 
not directly associated with overload. 

Rigid pavements designed and constructed prior to 1955 for the 
B-47 loading have shown a minor amount of cracking under the 
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channelized traffic of that aircraft. A more rapid progression of 
defects on these pavements may be anticipated under the overload of 
the B-52 aircraft. 

Revisions to design criteria made in 1956 which took channelization 
and the heavier loading of the B-52 into account will tae rigid 
pavements that are cap: sable of carrying the B-47 and B-52 aircraft. 

An adequate traffic-testing program is currently underway to de- 
velop valid design criteria for the future aircraft loadings. 

In addition, traffic tests are being made utilizing reinforced con- 
crete, prestressed concrete, and cement-treated base courses for both 
new pavements, and for strengthening existing pavements. 

Pavement engineers consider that these materials may eventually re- 
lieve some of the design and construction problems associated with 
very thick concrete pavements, and strengthening existing pave- 
ments. 

SUMMATION 


In summation, for the B-52 aircraft, we have a proven design 
criteria for rigid pavements but not for flexible pavements. 

In order to meet the anticipated future construction requirements 
of the Air Force, a continuation of the following investigational proj- 
ects is essential: (1) The development of valid flexible ‘pavement de- 
sign criteria for the B52 loading; (2) The development of valid rigid 
and flexible Tay deter design criteria for future loadings heavier than 
the B-52; (3) determination of the most economical methods for 
strengthening existing pavements with rigid overlays. 

Now, followi ing that st: atement, Mr. C hairman, i is a tabulation of the 
numbers that I have used in the opening statement, to explain in case 
there are questions. 

Following that, on the next page, is a very much summarized and 
brief statement of those pavements which are covered—where they 
are, what traffic has used them to date, whether or not the distress 
has developed in the channelized or nonchannelized area, and a very 
brief statement of why and how it developed. That consists of two 
pages. One is on flexible heavy duty. The next page consists of 
rigid heavy duty. And then a further page on flexible pavement light 
duty. 

I would like to emphasize that none of the bases listed on these 
two tables or discussed in my presentation were designed for chan- 
nelized traffic or for the B-52 loading. 

Now, there is one last page which attempts to further clarify the 
brief remarks in the right hand column on those pages. 

(The attachments referred to are as follows :) 


TABULATION OF NUMBERS OF AIRFIELDS USED IN OPENING STATEMENT 
FLEXIBLE PAVEMENTS 


Sixteen cases reported to OCH: 13 heavy duty, 8 light duty. 

Twelve cases of the 16 have been investigated: 10 heavy duty, 2 light duty. 

Two cases of the 16 are currently being investigated: 1 heavy duty, 1 light 
duty. 


Two cases of the 16 (recently reported) will be investigated: 2 heavy duty. 
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Heavy duty 

Altus, Okla.: channelized ; investigated. 

Davis Monthan, Ariz.: channelized ; investigated. 

Homestead, Fla.: channelized ; investigated. 

Hunter, Ga.: channelized ; investigated. 

Little Rock, Ark.: channelized ; investigated. 

MacDill, Fla. : channelized ; investigated. 

March, Calif.: channelized ; investigated. 

Pinecastle, Fla.: channelized ; investigated. 

Fairchild, Wash. : channelized ; will be investigated (recent). 

Walker, N. Mex.: channelized ; currently being investigated. 

Castle, Calif.: Not channelized ; investigated. 

Tinker, Okla.: Not channelized ; investigated. 

Westover, Mass. : Not channelized ; will be investigated (recent). 
Light duty 

Luke, Ariz.: investigated. 

Yuma, Ariz.: investigated. 

Myrtle Beach, S. C.: Currently being investigated. 


RIGID PAVEMENTS 


Five cases reported to OCE: 5 heavy load; 0 light load. 
Four cases have been investigated. 
One case is currently being investigated. 
Heavy duty 
Lake Charles, La.: channelized ; investigated. 
Forbes, Kans.: channelized; investigated. 
Castle, Calif. : channelized ; currently being investigated. 
Dow, Maine: not channelized; investigated. 
Smoky Hill, Kans.: Not channelized ; investigated. 
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TABULATION OF AIRFIELDS REPORTED TO CHIEF OF ENGINEERS AS Betne DEFICIENT 
Dur to B-47, KC—97, B-36 anp B-52 TraFric 


(1) (Shear in binder base and subbase.) Is the displacement of these layers. 
The materials are pushed from their constructed position by load and tire 
pressure. 

(2) (Flexible pavement each side of PCC is depressed.) The flexible pave- 
ment is compacted adjacent to the concrete pavement due to aircraft traffic 
whereas the concrete is undisturbed. 

(3) (Plastic flow of wearing and binder courses.) Plastic flow is the dis- 
placement or movement of wearing and binder courses. This action occurs when 
a pavement has been compacted to the extent that all voids in the mixture are 
filled. Since neither the aggregate nor the asphalt can be compressed further, 
continued stressing causes the material to flow. 

(4) (Densification.) Compaction of the material caused by aircraft traffic 
without shear effects. 

(5) (Settlement.) This again is compaction of the material caused by air- 
craft traffic but may include shear effects. 

(6) (Improper base materials.) The base materials were supposed to be 
non-frost-active, i. e., fine-grained soils which draw water to build ice lenses 
were supposed to be removed. However, they were not uniformly removed. 
Spots throughout the base contained excess fines. 

(7) (Probably poor construction practices.) Stripping the forms while the 
concrete was green is the probable poor construction practice. 

(8) (Bleeding due to high asphalt content. Contamination of asphalt from 
asphalt plant.) Fuel oil used to operate the plant spilled or leaked into the 
asphalt tank which provided asphalt for ‘the asphaltic concrete mixture. In 
addition, the asphalt content was high. 

(9) (Bleeding due te high asphalt content.) Asphalt runs or flows when 
subjected to high temperature or aircraft traffic when there is too much of it 
in the mixture. 


General Witson. That completes my prepared statement, sir. 

Mr. Héserr. Thank you very much, It is a most comprehensive 
statement. And I - ive just one question to ask you to sum up. 

In other words, the position of the Corps of Engineers in this sit- 
uation is that the competency of rigid pavement is known and has been 
proved ? 

General Wirson. Yes, sir. 

Mr. Héserr. Whereas, the competency of the flexible pavement has 
not as yet been proved, but quite possibly it can be made to stand up 
under this channelized traffic or to take these heavy bombers ? 

General Witson. I would like to modify your last part. 

Mr. Heéperr. Yes, sir. 

General Wirson. The competency of flexible to carry the B-52 or 
heavier loads has not as yet been proved up to our satisfaction, al- 
though it is not improbable that we will be able to develop it. 

Mr. Hépert. Eventually, do it? : 

General Witson. Yes, sir. 

Mr. Héserr. Therefore, that being the fact, as of now, the position 
then for the development or the construction of airfields is to take 
the proven product. You can’t wait to prove the unproven; is that 
a fair statement? In other words, you have to construct the airfields 
how. 

General Witson. Yes, sir. 

Mr. Hésertr. You can’t delay until you prove the unproven product ? 

General Witson. That is correct, sir. 

Mr. Héserr. You must take the proven product; is that correct? 

General Wirson. That is correct, as far as it affects those loadings; 
yes, sir. 
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Mr. Héserr. And projecting the problem into the future, if the 
day should come that the flexible pavement could be proved equal to 
the rigid pavement, then of course, both would be in a competitive 
p vosition. 

General Witson. Well, the Chief of Engineers feels that the de- 
termination of the actual surface selected in terms of operational 
requirements is a problem that the Air Force should make. 

We, the engineers for the Air Force, should present the facts to 
them, as to the availability of the types of pavement, and the relative 
costs, but that if they decide to make that determination for opera- 
tional reasons, for reasons of types of plane that they have, or the 
operational characteristics of them they require a certain one, we don’t 
believe we are in a position to tell them we won’t build what they 
specify. 

Mr. Héeerr. That is correct. 

You are not the evaluating agency. You merely present the facts 
and decisions are left to the Air Force. 

General Witson. Yes, sir; that is the point I am making. 

Mr. Heserr. But the facts would indicate that sometime in the 
future you could overcome the deficiencies of the flexible paving ? 

General Witson. We feel that we have very reasonable chances of 
overcoming the load-carrying characteristics for at least the B-52 
and probably for heavier planes. 

I must mention again, however, that there are these other things, 
such as blast effect and spillage and things of that nature, which 
could be a serious deterrent as to which surface to use, as the load- 

carrying capacity. 

Mr. Héserr. That is correct. 

Now, are you in position, General, to give the committee any infor- 
mation as to the relative costs? 

General Wiitson. Yes, sir. 

Mr. Heéperr. a ae you please do that ? 

General Witson. I will use the same figures on cost that Mr. Ferry 
of the Air Force has aD ifuccte | sir. Ican explain them further. 

His figures, and ours are the facts. Therefore, they are the same 
figures. You have those available. 

At any rate, I will read what we have on that, sir. 

Mr. Courrney. Mr. Chairman, those appear on page 5 of Mr. 
Ferry’s statement, I take it ? 

General Wirson. That is correct. 

I will not repeat them, then, except to summarize. 

Mr. Héserr. That is correct. 

General Witson. In trying to evaluate the relative cost, we have 
taken the period 1952, 1953, and 1954 and through 1955, and we have 
averaged the actual contract costs, again exclusive of anything done 
underneath the pavement itself, that 1s the subbase and base, and for 
rigid pavements, heavy-load rigid pavement, which again in most 
instances are referring to a design which is actually not capable of 
carrying the B-47 because it was not designed to take care of chan- 
nelization, but it is close 

Mr. Héperr. Yes. 
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General Witson. The average is $6.89 per square yard. The lieavy- 
load flexible pavements during that same period, as indicated there, 
averaged $3.67. 

Mr. Héserr. Approximately half. 

General Wiuson. A little more than half. That ran pretty con- 
sistently. Both rigid and flexible, due to volume, improvements in 
equipment, and so on and so forth, were gradually dropping in cost 
during that period—almost. There was one instance where it was a 
little lower, earlier. But generally speaking, the costs in both were 
dropping. 

Mr. Heésert. The costs in both were dropping. 

General Wizson. In both were dropping slightly. 

Mr. Hésertr. How about the difference? 

General Wutson. The difference was staying relatively the same. 

Mr. Héserr. All right. Of course, you have stated you do not take 
into consideration your subsurface construction ? 

General Witson. Yes, sir. 

Mr. Hésert. Is subsurface construction more costly for the flexible 
pavement than for the r igid pavement ? 

General Wirson. In our most recent criteria, there is a little more 
consolidation of the subgrade in the case of flexible than in the case 
of rigid. But I think essentially you can say when you throw in 
the drainage structures and the excavation and removal of materials 
and bringing it in, that essentially we are talking the same order of 
magnitude. 

Mr. Héserr. Now, a third question, and the conclusion of that. 

In the maintenance, in the projected long-range picture, would the 
difference between the cost of concrete and + or the rigid 
pavement to the flexible pavement be overcome by the higher original 
cost of the rigid pavement ? 

General Wirson. I am not competent to answer that question, sir. 

We would get our information on costs of maintenance from the 
Air Force. I could only give a guess. 

Mr. Hésert. Well, you, as an engineer—what would be your guess? 

General Wirson. If you will keep the load of the airplane fixed and 
not change the wheels, the tire pressure, et cetera, so that we are talk- 
ing about a fixed loading, I would say without question that it would 
be more economical to build asphaltic and repair it for a period of a 
20-year life. 

However, if you look at what has happened, nothing has stayed 
static. 

The load keeps going up. Even the B-52; the first issue was lighter 
than the current issue. 

If you look at that, I feel also that there is a factor that the rigid 
has a better chance of carrying overloads successfully than the flexible. 
They can both carry some ‘overload, but just the nature of the thing— 
the rigid is cemented together, and bridges to a certain extent more 
than the flexible. 

The flexible is more subject to shear, which means that the courses 
themselves can slide down. In that aspect of it, the rigid has a better 
chance of outguessing the future. So it isa pretty tough determina- 
tion to make, sir. The Air Force has that problem. We would have 
the problem if they asked us., 
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Mr. Gavin. They haven’t asked you ? 

General Wizson. Well, we advise with them, sir. We have not been 
asked to concur or not concur in these things. But we certainly advise 
with them. 

Mr. Hess. There is no question, General, is there, but what there 
is a real need for flexible pavement 

General Wixson. I don’t question the need for it. From an engi- 
neering viewpoint, there is no question in my mind we must have a 
criteria, a knowledge, and an ability, to build it. 

If that answers your question ? 

Mr. Hess. Well, there are certain areas. Where we have airfields, 
that we must use flexible pavement, that is right; isn’t it? 

General Wirson. I am certain that the Air Foree, i in my discussions 
over the past, would agree with that also. There are certain 

laces 

Mr. Hess. For that reason, we must continue every experiment we 

can possibly carry on. 

General Wixson. My view is we must continue every experiment 
and carry it on. 

Mr. Hess. You are doing just that. 

General Wixson. We are doing it within the limit of the funds 
which the Air Force can give us, or has given us. 

Mr. Héserr. That always comes into the picture, doesn’t it, Gen- 
eral? 

General Wixson. Yes, sir. The dollar always enters at some sta 
Mr. Hess. Did I understand you to say, General, that the su 
base for flexible and the subbase for rigid would cost approximately 

the same? 

General Wizson. Yes, sir. 

There is, as I say, a slightly greater effort as a result of what you 
have been listening to and in an attempt to develop the new designs. 

Mr. Hess. And the causes of failure here that have been reported 
here by Colonel Alexande ard them, I believe? 

General Witson. Yes. 

Mr. Hess. Were to the surface, were they not; they weren’t to the 
base or to the subbase ? 

General Witson. I am not sure I can agree with that, sir. I would 
rather answer that in another way. 

I would rather have you look at the table we have there. They are 
covering the same fields. 

Mr. Hess. All right. I notice here that everything seems to be 
channelized. 

General Wixson. Yes, sir. 

Mr, Hess. That is the surface, then; isn’t it? 

General Witson. No, sir, no, sir. That is the point I would like to 
make. 

I will admit that this channelized traffic business is a—it is difficult 
to get the whole point in it. Frankly, it was sufficiently difficult to 
get the point that neither the Air Force nor the engineers nor any- 

ody else got the point before it happened. 

This channelized traffic—I might make a very poor analogy, but it is 
an exhaustion or a fatigue sort of thing. It is like—if I were asked to 
lift a 1-pound weight a hundred times, I could lift a 1-pound weight 
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a hundred times but at the end of it I would be tired, but if some- 
body said, “ You got to lift it 25 more times,” I could do it. 

But if somebody asked me to lift a 50-pound weight 10 times, I 
might make it, but at the end of that time, if they wanted it another 
5 times, 1 am not too sure that I would have the capability of doing it. 

It is the effect of many things. 

It is the effect of the heavy load and the number of times it hits 
that particular small piece of pavement, and the frequency with which 
it hits that small piece of pavement, or in effect the pressure of the 
tire, which affects how much area is laying on the pavement and 
distributing the load. 

All those elements enter into this thing we try and call channeliza- 
tion. 

Now, the effects are you can, as a result of that, overuse the pave- 
ment in a short period of time, based on what it was designed for. 

So actually you are getting in some cases actual shear, just in that 
one track, in all the layers, clear down to the grade, which are actually 
moving. 

They may be compacting. They may be actually moving down 
pretty much in place. Or the subgrade itself, which was designed to 
carry this load—a lesser load on that particular spot, in that it was 
a lesser number of times it hit there—for 20 years and it has reached 
this point of exhaustion in 3 years. 

Mr. Gavin. It gites away. 

General Witson. It gives away. So where we said channelization, 
most of those, which I tried to cover on the very last sheet, would not 
be chargeable to the little layer of asphalt on the top. But on the 
other hand, as the Air Force showed yesterday, and as we could 
illustrate with a chart, if you desire, the job of producing a runway 
or a taxiway or something involves going all the way down to the sub- 
grade, and coming all the w ay up through this little wearing surface 
on the top. 

So when you are criticizing or commenting on flexible pavement, 
you are really not just commenting on this layer. 

Now, as I said in my statement, as of right this minute we feel 
that we have proved up everything in this whole sandwich below 
the actual top layer, for the B-47. And we feel that probably we 
have proved it for the B-52. But we are not positive as yet. We 

want to go further. 

Mr. Hess. What about the weight of the B-58? 

Have you any idea what the weight will be? 

Are you working on that problem now ? 

General Wirson. We are working on a load characteristic of 
about—I think it is 325,000 instead of 240,000 pounds, which was 
gotten in consultation with the Air Force for just a target in the 
future. They have given us characteristics as to possible wheels and 
so forth and so on. 

I don’t believe I can say we are aiming at a particular aircraft, 
although it could be. 

But within the limit of the funds we are working on it. 

We are not very far as yet. I would like to m: ake a point here, that 
all design of all pavements is different than the design of a steel 
structure. 
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It is not true-engineered theory worked out by mathematics and the 
like, which can go ‘back to the source and always be proven. It has to 
be empirical. The way all pavement designs have developed is you 
have gone out and built something, and seen ‘what happened. 

That started w ay back when. If it began to fail, they did something, 
back to the days of the Romans. 

Now, the point I am making is that it is an engineering subject, 
but it is not a scientific subject. to the extent that other types of con- 
struction are. 

We have to find out by a little bit of guess; that is, guessing the way 
the curve will go, try it out and see what happens, prove that out or 
disprove it, and then extend our curves. 

In other words, you have to develop your design criteria for both 
concrete and asphalt empirically. 

So to answer your question more directly, I PaEPonehy feel we 
should put more emphasis on trying to hit some of these points in 
the upper part of the curve beyond our present experience. We are 
doing it. Whether the Air Force will be able to give us enough money 
to proceed at the rate I would like, I don’t know, sir. 

Mr. Hess. Of course, we will reach that point, at the peak, and then 
we will start going on down when the guided missile comes in, and 
we will have no need for pavement to take these weights. 

General Witson. We may not. 

On the other hand, at the time it is conceivable that you get a 
guided missile that is heavy enough that you have to have something 
leading up to someplace that requires that. 

In othe “xr words, as information on which to do other kinds of things, 
it probably will be of value. 

Mr. Mitxer. It will be worth while. 

Mr. Héperr. Mr. Fisher. 

Mr. Fisner. Can the Corps of Engineers now state unequivocally 
that they know how to design and construct a fiexible pavement 
providing satisfactory service on B-52 fields for a reasonable length 
of time. 

General Wutson. No, sir. 

Mr. Fisuer. General, I think so far as the knowledge you have 
gained about the flexible pavement is concerned, it is pretty well 
summarized here in one sentence of your statement, on page 4, where 
you say, “the latest”—and I believe I will reread it just for emphasis, 
just to pinpoint it: 

The latest revisions of design criteria, July 1956, for the asphaltic concrete 
layer currently being traffic-tested at the Waterways Experiment Station should 
result in poresttars that are safe for the B—47 loading and may well be safe 
for the B—52 loading from the standpoint of displacement under trafiic. 

Then you went on to say 

It should be emphasized, however, that further research and experience are 
required to prove up this load-carrying capability and to establish whether 
or not the desired pavement life can be attained due to a potential reduction 
in durability associated with these new surface layer criteria. 

And then the concluding sentence in the next paragraph, you say: 


Further investigation is definitely required before any design or construction 
for these extremely heavy loadings is initiated. 


General Wiison. Yes, sir. 
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Mr. Fisuer. Now, can you tell us briefly what progress is being 
made up to this time in this research study at Vicksburg and else- 
where? Where do you stand on it? Will it take another year or 2 
years, or can you estimate the point you have arrived at in answering 
the question that you raise there? 

General Wizson. I can estimate that, sir, generally. I would pre- 
fer to leave any detail on it to be discussed in my third phase, as I 
indicated, by the people here who are actually running it. 

' As far as the B-52 goes, I think we are on the brink. It isn’t very 
ong. 

As far as proving the life—now here is the point in that. We are 
trying not to be too technical in this presentation. 

The problem of the little surface layer is related to the amount of 
asphalt you put in. To some degree, the more asphalt you put in it 
the more cohesive it is. But also the more asphalt you have in it the 
more it is apt to give or bleed, or show detrimental effects from too 
much overload. So you have to get a balance. 

Now the improvement toward carrying the load consists in reducing 
the asphalt content. But that in turn makes it—the tendency of that 
will be to have less cohesive effect and may result in a raveling result 
or shorten the actual durability. 

Now again I am saying “may.” 

I would say we have to do some more of these accelerated tests, some 
of which are underway, as he will explain to you. Some of them are 
reaching a point of being able to determine it. Others haven’t reached 
that stage. 

Mr. Fisuer. Now, in regard to the asphalt concrete, I assume from 
our hearing here 2 or 3 years ago, and what has been said here that 
a great deal of improvement in the quality and capability of asphalt 
concrete is taking place. In other words, can you say that they have 
a better grade, more capable of meeting the current problems today, 
than they had, say, 5 years ago as a result of what they are doing in 
improving the capability of it? Can you comment on that? 

General Witson. Yes, sir, I can comment on it. 

I would say that we are in pretty bad shape if we are not improving 
all the time in all these materials. We are learning more. 

Your answer is generally correct—your question as stated is gen- 
erally correct. 

Things that have changed are the type of loadings and the weights. 
So that 5 years ago nobody was trying to solve that particular prob- 
lem. We may have been in a position to have come as close to solv- 
ing it 5 years ago as we are now. I am not competent to answer 
that portion of it. But as the horizon has gotten tougher, the state 
of knowledge due to both the industry and our engineering people 
and the results of the Air Force people work and everybody else, it 
has improved ; yes, sir. 

Mr. Fisuer. One other question. This thought occurred to me. 

This channelized traffic is the No. 1 problem to me. It is causing 
a lot of this trouble. 

General Wirson. It is the thing which none of us were aware of 
as little as maybe 3 years ago at the most. 

Mr. Fisuer. Now from an engineering standpoint, would it be— 
probably it isn’t, but I will expose my ignorance by at least asking 
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the question. Would it be feasible at all from an engineering stand- 
point to put rigid paving along the area that is channelized and 
which is apparently a rather limited area, and then the flexible type 
on either side ? 

General Wutson. I believe I can answer that positively. Yes, sir; 
it is engineeringly feasible. The actual joint between those two will 
be a source of concern for all time. 

You will notice that in many of these here—if you got into the de- 
tails you would find where they talk about going from one to the 
other, where they have some distress. There will be a tendency for 
it. I believe it can be overcome in most instances. But it will be a 
matter which no one can guarantee the user of the airplane that there 
may not be some slight depression, particularly adjoining where the 
flexible touches the rigid. Now whether that can be operationally 
accepted by the current aircraft or by what might show up in the 
future I can’t answer, as to that portion of it. 

Mr. Fisner. [ take it the possibility has not been explored ¢ 

General Wuitson. No, sir; it has been explored. As a matter of 
fact, I believe at one airfield in North Dakota, Minot, that the Air 
Force has suggested to us that we do that, or has given us instruc- 
tions to, and we are doing so. It will in effect, in time, be a dem- 
onstration of that particular situation, with those particular ag- 
pregates and that particular amount of freezing and the particular 
oads that use it, whether it will work. But enough of that kind of 
information will give us our empirical information. 

Mr. Fisuer. Of course, if that could be made to work out, it would 
result in the using of more asphalt and certainly in reducing the 
overall cost as well. 

General Wixson. It could well reduce the cost. 

Now, of course, in some areas you will find concrete may be no 
more costly than the asphalt anyhow. But those are not extensive. 

Mr. Fisuer. Well, based on these figures you gave us awhile ago. 

General Witson. Those are nationwide. ‘That 1s correct. 

It is also true, if you have a large paving program, that if there is 
too small a proportion of rigid or flexible to be built, it may not pay 
to bring in the particular equipment for that type. That has to be 
decided in each instance. 

But I think there is a good probability of being able to develop, in 
effect, a narrow lane capable of carrying it. 

There is the point I want to make. When we talk about our new 
criteria for the channelized traffic, actually that is what we are doing. 
Not in terms of rigid or flexible, but in terms of increased strength in 
that narrow lane. We are increasing the thickness and strength in 
that lane as opposed to the other portions in order to try to be eco- 
nomical. In other words, we haven’t built the whole runway or taxi- 
way to the full thickness that would be required. 

Mr. Fisuer. I see. In other words, you have a stronger and more 
durable base in the channelized area than you do—— 

General Witson. A complete pavement, I will call it that. 

Mr. Fisuer. I see. 

General Wuson. Including the whole works. 

In other words, following out the present criteria we are following, 
we have what we call three types of traffic areas, A, B, and C, and they 
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cover those areas. For instance, in a primary taxiway area the type 
A area is only about 25 feet wide—25 feet through the center of this 
taxiway being deliberately under the new criteria being strengthened. 
That does not apply to any one of the fields that are listed in this 
business here. That is where we are in trouble. We didn’t visualize 
or know, nor did the Air Force, that with the advent of these par- 
ticular planes and the change in their methods of operation, that they 
would follow this same line. 

Mr. Fisuer. And that you described as being about 25 feet ? 

General Witson. Yes, sir, I think 25 feet is our present criteria. 

Mr. Fisner. How wide is the present runway ? 

General Witson. Well, it would be 75 feet on either side of it, 25 
feet of which 

Mr. Fisuerr. Twenty-five feet is the channelized portion ? 

General Witson. Wait. Let me get myself clear. The total width 
is 75 feet. The reinforced portion of the taxiway is 25 feet. 

It does apply also to some extent, sir, at the end of the runways 
where you have always had—not always, but where in recent years 
we have placed portland cement. Even there we thicken or 
strengthen that portion which the planes roll out on, get set on, and 
get moving on, as opposed to the whole full width. The full width of 
that pavement—we don’t spend the money to make it full strength 
there. 

Mr. Fisuer. I think that is all. 

Mr. Hépertr. Mr. Gavin. 

Mr. Gavin. Well, I conclude from what you say, General, that chan- 
nelization is one problem, and the subbase and substructure is also 
a problem to be considered ? 

General Wirson. Yes, sir. 

Mr. Gavin. In developing and planning and designing an airbase, 
how extensive do they follow through in testing the substructure to 
ascertain what is underneath before they go in there? Does the De- 
partment of the Army design the airbases or does the Department of 
the Air Force design them themselves ? 

General Wixson. The ones that we build for the Air Force—the 
Navy is also a construction agent for the Air Force. The ones that 
we build we are responsible for the design. 

Mr. Gavin. The ones you build. 

General Wixson. The location of the field is a determination for the 
Air Force. 

Mr. Gavin. Yes. 

General Witson. The place where they want it. 

Mr. Gavin. That is the location, the site. 

General Wirson. If we don’t think it is a good area—I mean by 
that if we think by minor movement we can get a better condition, 
we so recommend to the Air Force, and normally we get an agree- 
ment. But the determination that they want an airfield here is an 
Air Force problem. 

Mr. Gavin. I think that is an important matter to consider. I can’t 
imagine why more consideration isn’t given when they are determin- 
ing on the location of an airbase to find out what they have under- 
neath, where they are going to come in with these big 47’s and 52’s 
to land. I think channelization is a problem. I think that substruc- 
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ture and subbase is a very, very important problem. And nobody, as 
has been indicated here, has yet begun to realize that these heavy 
planes that are being developed are going to necessarily change the 
design of the pavement and substructure and everything. You just 
go in and decide on a location and build an airbase and lay out the 
strip. 

T think this hearing here will indicate some of the things that must 
be done to get the best possible results. 

Now I want to ask you: Has the Air Force made enough money 
available for you to conduct the type of research and study program 
to reach a solution of this problem at an early date? 

General Wiison. You are talking of the pavement problem or the 
location of an airfield? 

Mr. Gavtn. I am talking about the rigid and flexible pavement 
problem. Now that is the one that seems to be of primary impor- 
tance. 

General Wrison. I would like to answer both of your questions if 
I can. I will take the latter one first, the question of the money on 
the research. 

Mr. Gavin. The reason I am asking it: They are going to expect 
you or charge you, who are handling their affairs, to come up with 
the answer. You are not going to come up with the answer unless 
you have enough money available to do work and carry on the study. 
Go ahead. 

General Witson. Well my answer to that, to start with, Mr. Gavin, 
would be that no one who is charged with a problem and whose life 
is tied up in the problem daily ever thinks he has enough money. 
There is always more that he could be doing simultaneously to really 
solve everything. 

Mr. Gavin. We understand that. We are on the Armed Services 
Committee. 

General Wiison. So I am on the side of the man who wants the 
money and isn’t parceling it out. 

I would say up to now, generally speaking, I think the Air Force 
has given us very reasonable treatment. The amount of money that 
was quoted yesterday I can’t account for, sir, but we have had an 
appreciable amount of money on research in both of these fields. 

I have taken the last 5 years and attempted to correlate it. Over 
the last 5 years it has run about $440,000 for flexible and $400,000 for 
rigid. The average—I mean that is the average over the 5 years. 
Actually in 1957 we got $500,000 for flexible and $750,000 for rigid. 

So it was greater than the average. 

Now we are asking in 1958—and we realize what the conditions are 
with regard to funds. But in terms of trying to get them answered 
soon enough, we are asking for $800,000 for flexible and $536,000 for 
rigid. 

Mr. Gavin. Well, I think you are proceeding very well. 

General Wirson. Now with regard to the other portion of your 
statement, I don’t believe it has been made clear the extent to which 
this exploration is carried out. 

I am giving this to you without looking into it to be factual, but 
generally speaking the Air Force has boards, including their own 
engineering personnel and in some instances I believe they have con- 
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sultants and on occasion they invite us to be represented on the board, 
which looks into this airfield site. 

Now on further occasion they ask us to make certain subsurface 
investigations for them, before they make a final determination. And 
certainly when they give us the job and say, “This is where we want 
it,” it is our standard procedure to get out there and take borings. The 
number of borings and the amount of money you spend on it depends 
on what you find. 

If it appears that the surface is fairly uniform underneath in the 
various layers, then you take a reasonable number, but no further 
because there is no need to keep on putting the holes down. If you find 
it is variable, it is within the prerogative of our district engineer to 
take additional 

Mr. Gavin. It wouldn’t be too much of a job to take a test boring on 
the entire length of an airstrip, would it? 

General Wizson. My point is we do it on the entire length. But 
whether you take it every 10 feet or 100 feet on 3 miles of runway— 
we az start out by spotting them at a reasonable distance both in 
length and in width. If the evaluation of those results leads you to 
be concerned, then you go in and put more in. 

Mr. Gavin. I understand. 

General Wixson. Now we are not by any means perfect, and we have 
made mistakes. So we haven’t always found out all there is to know. 

Again, as in any kind of research, the man directly responsible 
would like to put holes down about 6 inches apart and know just ex- 
actly what exists every place. 

Mr. Gavin. It would be all right with me. If we are going to build 
a $75 million or $100 million airbase, I wouldn’t mind seeing them put 
down there. 

General Witson. The cost runs up pretty fast. 

Mr. Gavin. It may be, but we have a big investment, and we have 
the rehabilitation and protection of it. 

General Wiutson. Admittedly, it is our responsibility, and to take 
the engineering judgment. Actually that is decentralized down to 
the district engineer, to make that determination. If he runs into 
trouble, if he is worried, he normally gets in touch with his division 
engineer, and with my specialist in the Chief of Engineers office. 
In other words, we try to bring the brains in necessary to solve it. 
And in many instances they say, “Well, go back and take more.” 

Mr. Gavin. The reason I ask—here several years ago they were 
going to locate a base up in a certain area. In fact, they had all the 

lans and specifications all set. The reason they didn’t locate it: 
hey found there was a certain type of rock formation, or formations, 
underneath, and they just couldn’t work it out. But they had gone 
in there. 

My thought was they should have made the test borings to deter- 
mine what substructure was there before they even started to develop 
their plans and specifications and layout and ask for authorization 
to proceed with the work. 

eneral Wiison. I can’t quarrel with that, sir. I do know that 
time also enters into many of these. Operational reasons come along. 
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So you can’t always take as long as you would like in these. You 
do certain things simultaneously. Which sometimes results in costing 
money. But on the other hand, in most of the cases it results in 
meeting the requirement on time rather than being behind. 

Mr. Gavin. Now I want to ask this question. We got the Depart- 
ment of United States engineers charged with the responsibility for 
the engineering program for all branches of the service, or at least 
the Army: 

General Witson. No, sir, not—— 

Mr. Gavin. Not all branches. We know the Navy—well the Air 
Force nearly had their engineering branch a couple of years ago, too, 
don’t forget that. 

General Wutson. Well, the Air Force also have the right to use 
the Navy and make their own determination. 

Mr. Gavin. Right. 

General Wirson. As to whether it is us or them. 

Mr. Gavin. And they use the Navy. 

General Wixson. Yes, sir. 

Mr. Gavin. They used the Navy in the Spanish bases. 

General Wixson. Yes, sir. 

Mr. Gavin. When we had the Army right across the sea in North 
Africa and we could have moved over there lock, stock, and barrel, 
they decided to give it to the Navy. That was that. I was not too 
happy about that. But you are talking about the Air Force bringing 
in civilian engineers. 

Now the way I feel about it as a layman: Here we have the United 
States engineers. The Air Force want an airbase. They determine 
ona location. From then on I would say, “Here, engineers, you take 
the job. It is your job. Now you work it out.” Why do we have 
to bring in outside sources to confer and discuss and lay out, when 
we have the engineers? If the Air Force charged you and then 
if there were any mistakes come up like this rigid and flexible now, 
they could say, “We don’t know, that is the engineers problem, and 
not ours. We gave them the job to do.” 

But no, they are going outside. I think that these problems should 
be given to the United States Engineers, who would be charged with 
the responsibility of solving them. That is my personal opinion. 

Now let me ask you this. Do you think from the studies that you 
are carrying on and making that eventually, in the near future, you 
can design and construct a flexible pavement that will be able to 
stand the continuous traffic by heavy aircraft such as the B-52? Are 
you coming along to a point where you are going to be able to solve 
that problem ? 

General Witson. I can answer that positively, sir, that I think 
we are as long as you are talking about the B-52. 

But on none of these pavements can I say that we will be able to 
carry what somebody may be flying off of them 10 years from now. 

Mr. Gavin. But you are leaving nothing undone to get that problem 
licked, is that right? 

General Witson. Yes, sir. 

Mr. Gavin. I have no other questions. 

Mr. Héserr. Mr. Miller. 

Mr. Miuuter. Mr. Hardy was ahead of me. 

Mr. Héserr. You have been asking for recognition. 
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Mr. Mitxer. I only wanted to clear up 1 or 2 things, General. 

General Wirson. Yes, sir. 

Mr. Mitier. Going through your statement here I noticed at Luke, 
Ariz., and Yuma, Ariz., you 1 qualify the failures of the flexible pave- 
ment there by—in the footnote, showing that there was bleeding due 
to high asphalt content and contamination of the asphalt from the 
asphalt plant in one case, and in the other the asphalt runs or flows 
were subjected to high temperature. Should those be charged to the 
basic failure of the flexible type or asphaltic type pavement? - I hope 
you won’t be too technical if I use asphalt instead of flexible. 

General Witson. Yes. 

Mr. Mitter. When they are really human errors that enter in. 

General Wiison. No, sir, except for this. You wouldn’t have that 
type of a result showing up if you had used rigid. You couldn’t. 
Now you could have other type of results in human errors in a rigid- 
type pavement. 

Mr. Mitier. Well, you show that here. 

General Witson. That is right. 

Mr. Miter. I was going to bring that out next. You are accepting 
the human errors, then, in evaluating 

General Wiison. Unfortunately most of the human errors here can 
be charged to me and my organization, so I have to accept them. 

Mr. Mirrer. Another thing. In looking at this table that Mr. 
- erry uses, in the last two instances you show that the unit cost was 

.58 for the heavy rigid pavement and 6.08 for heavy load flexible 
ri wvement, but there is also a footnote there that said “The latter cost 
reflects two unusual jobs.” 

General Witson. Yes, sir. 

Mr. Minier. One at Minot, S. Dak., and one at Eielson Air Force 
Base, Alaska, which increased the cost of the flexible pavement 
percentage. 

Just two instances don’t reflect too much the comparative costs in 
those two, do they ? 

General Wirson. Mr. Miller, I really never quite completed answer- 
ing the question on cost. We got away from it. 

We would not like to use that $9.40 figure for those reasons. 

Mr. Mirier. I just wanted to bring that out. That throws it 
out—that is not a median cost in any sense of the word. 

General Wirson. No, sir. In those particular instances—I don’t 
remember exactly, but the rigid—our estimate is that the rigid pave- 
ment at those two fields would have cost $12 or $13 a square yard. 

Mr. Miter. Yes. 

General Wirison. If we had used rigid. 

Mr. Mituer. I just want to ask 1 or 2 more questions and then I 
am through. 

Isn’t it true, you mentioned Bermuda, already large areas in the 
world where you can’t get good concrete aggregates that make the 
rigid—and if you don’t. get, good concrete aggregates, you are not 
going to be too happy about rigid pavement, are you? 

General Wirson. That is correct, sir. You can always get it if you 
will spend enough dollars, sir. 

Mr. Miter. Well, I have in mind when we were in Saudi Arabia 
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gates because all of the fines have been blown away.” Isn’t that 
true? 

General Wirson. There are lots of places where you have rock where 
it is not good rock. 

Mr. Mintzer. Good rock, or where you might have apparently lots 
of sand that isn’t good sand for concrete. 

General Witson. Oh, definitely ; yes, sir. 

Mr. Mituer. So that is a factor. 

Now I asked the other day, or yesterday asked one of the gentlemen 
whether he felt we were at the end of the rope in this thing, if we 
could say today we could adopt specifications that are going to be 
good 10 years from now. Do you feel that way ? 

General Wutson. I had the advantage of hearing his answer, sir 
I have already really answered that question once. No, sir. 

Mr. Miuier. I know you have. I just wanted to point it up, Gen- 
eral. 

Mr. Héserr. Mr. Hardy. 

Mr. Harpy. Mr. Chairman, I am going to be very brief. But I want 
to compliment the general and express appreciation for what to me 
has been the clearest testimony we have had, that we have listened to. 

Mr. Mixxer. If you will pardon me, I would like to join you in that 
statement. I, too, would like to say that. 

Mr. Harpy. We are not engineers, and certainly I never want to 
leave the impression that I am trying to exercise any engineering judg- 
ment, but I do appreciate testimony, General, that indicates that some 
of you people who are experts in this field have evaluated the factors 
that really go into your consideration and arrived at decisions that 
are based on engineering data. 

Now, that is the thing that really impresses me with this presenta- 
tion we have had here this morning. Now, I just want to clarify in 
my own understanding of some of your testimony. Did I understand 
that the engineers have developed design specifications for rigid pave- 
ment construction that met all of the requirements of the heaviest 
aircraft loads used by the Air Force today ? 

General Witson. Yes, sir; I believe that is correct. 

Mr. Harpy. Did I further understand—— 

General Wirson. Wait a minute now. He said of the heaviest air- 
craft used to date. That is correct, sir. My statement is correct. 

Mr. Miter. “Today” is important. 

Mr. Harpy. Did I further understand that you have developed 
criteria or specifications for subgrade construction with respect to 
flexible pavements which would meet the requirements of the aircraft 
in use today ? 

General Witson. I am positive with regard to the B-47 and I am 
fairly certain with regard to the B-52, but I would like to have 
additional proving it up before we would want to say that we are 
here. 

Mr. Harpy. Did I further understand—that is clear. And did I 
further understand that your surface treatment—that is, your thin top 
coating—has not been proven up yet with respect to requirements for 
either the B-47 or the B-52? 

_General Wirson. I will tell you right now that when our techni- 
clans get on the stand in some instances they may feel they have 
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gotten far enough. I still would like a little more proof for the 
B-47. 

But I feel fairly certain that we are there with the B-47. 

With the B-52, I feel that we are going to get there, but we are 
not quite there yet, although, again, my technicians may say that in 
their opinion they have something that will hold up. _ pa 

Now, whether—I personally feel that their answer is honest, legiti- 
mate, and proper from the man responsible for developing this, and 
in turn I should see that we do a little more proving it up before I 
would want to tell the Air Force “Here it is.” 

Mr. Harpy. With respect to your discussion of the cost of sub- 
base construction, you indicated that there was not a great deal of 
difference in that cost with respect to either the rigid or the flexible, 
as between the rigid and the flexible—— 

General Wiuson. We are talking subgrade, sir. 

Mr. Harpy. Subgrade. 

General Wiuson. There is a vast difference. 

Mr. Harpy. All right. 

That is the thing that I want to understand. I want to get an ex- 
ae of the difference as represented in the 4 inches on poor 

aring ground, and 6 feet, in the illustration presented by the Air 
Force yesterday. 

Maybe I didn’t understand it. 

General Wizson. I don’t have available, sir, the one they had 
yesterday. I guess it is here. But I believe if you will look at that 
chart, I just handed you—these are based on the same types of con- 
ditions. 

Mr. Harpy. Yes. The one over on the left—— 

General Wixson. I would like to make the point here that I be- 
lieve the Air Force chart is based on a type C pavement, and the one 
I am handing you is type A. Type A would be where we are carrying 
the channelized traffic. 

Mr. Harpy. The one thing that bothered me, General, is in con- 
nection with the chart on the left. 

General Witson. Yes, sir. 

Mr. Harpy. It would certainly seem to me that the subbase or sub- 
grade, either one that you take in that case—— 

General Witson. Well, there are two different things, sir. 

Mr. Harpy. Well, that is what I would like to understand. 

General Witson. The subgrade in effect is the material that was 
there to begin with. As a result of experience over the last few years, 
we do something to that subgrade nowadays. 

We compact it to a greater extent under flexible than we do under 
rigid, but we still compact the ground that is left there when you 
get through clearing it off. 

The subbase is brought in. It is material added, normally. 

Mr. Harpy. I thought when we were talking about the cost a while 
ago—I was thinking in terms of this 72 inches, as compared to the 4 
inches in your statement, and that is what I couldn’t reconcile. 

General Wiison. No, sir. 

What I am saying is, if you will look at that little one I just gave 
you—on the right-hand side, under flexible pavement, where you have 
a relatively good soil condition, the thickness of the finished job is 
only about 30 inches in that particular instance. 
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But you will notice that we have compacted the subgrade for a 
considerable distance below that. 

Mr. Harpy. Is there any relationship that you can tie down in the 
cost of your preparation, whether it is compacting subgrade or sup- 
plying subbase—is there any relationship that is reasonably perma- 
nent between those costs with respect to rigid and flexible pavement? 

General Wixson. I believe I am correct in stating that while in 
the example of my right-hand figure a good foundation with a flexible 
pavement—there will be a little more spent in compacting that sub- 
grade than there will be in the other three examples on that sheet. 

The relative amount is minor in terms of the total cost. 

So that essentially you can start at the subgrade and come up in 
comparing your costs of your pavements. You can start above the 
subgrade in making your comparison of comparative costs basically. 
And all of our cost figures start at the subgrade that we furnished. 

They go above—in other words, they don’t include the cost. of the 
subgrade. They include everything above, as I understand it. 

Mr. Harpy. Your subgrade, then, as you were indicating awhile 
ago—your subgrade cost is about the same for either; is that right? 

General Wixson. It tends to be a little more under the other, but 
not enough to throw the weight off balance. 

Mr. Harpy. Well, to return for just a second to this question of not 
having proven up the top course on your flexible pavement—— 

General Witson. Yes, sir. 

Mr, Harpy. Did I understand that projecting possible future re- 
quirements for heavy loads, you indicated that the rigid construction 
has a better chance of withstanding an overload than does your 
flexible construction ? 

General Wuson. I indicated or tried to indicate that if you de- 
signed the two pavements to carry the same load and everything was 
done perfectly and the future developed different kind of wheels or 
different tire pressures or different loadings, there was in my opinion 
more probability of the rigid doing the job longer. Whether it would 
last 20 years, there is no way of telling. But I think there is a greater 
probability of it accepting these changed: things than in the other 
one. They would both carry them. 

Mr. Harpy. They would both carry them. 

General Wirson. They would both carry them, to a certain peint. 

Mr. Harpy. For which they were designed ? 

General Witson. Yes, sir. 

Mr. Harpy. But beyond that. 

General Wixson. Beyond that, they will both carry them a certain 
way, depending on how much we have been able to guess, and how 
accurate we were in our empirical data and the factors of safety and 
soon. 

But I would without question state that there is more chance of the 
rigid serving longer under the—— 

Mr. Harpy. For an overload, 

General Witson. For an overload. 

Mr. Harpy. Now, just one other question, 

In view of the fact that you have indicated that a design for rigid 
paving has been proven out with respect to the B-52, can you fix that 
approximately timewise,.as to when you did have definite evidence 
that you had that problem licked? 

94407—57-——9 
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General Wirson. Well, I would rather not give you—we had little 
doubt, I will put it that way, from the moment we knew about the 
B-52, and knew about the channelized traffic, but what we could 
project the curves and that they would work for the rigid. 

But as to when we felt sure of it, I would rather ask one of these 
other gentlemen to answer it directly. But it is fairly recent. Can 
you answer that question, Mr. Zachrison ? 

Mr. Zacurison. We proof tested these requirements at both Water- 
ways Experiment Station and at Ohio River Division Laboratory. 

The Ohio River Division Laboratory conducted the investigation 
on the rigid and they proof tested it out right on the button as to what 
we had predicted. 

Mr. Harpy. Can you tell us when that was? 

Mr. Zacurison. Could you tell me that, Jim? 

General Wiison. It is very recent. 

Mr. Sate. Could I qualify your statement for just a moment? 

General Wirson. Mr. Sale. 

Mr. Sate. The actual loading of the B-52 in a concrete pavement 
duplicates the loading of a single wheeled B-36 we tested extensively 
back in 1944 and 1945. 

The stresses that are induced in the pavement are essentially the 
same, and the thickness required to carry these loads are the same. 

In 1955, and 1956 we determined for a 100,000 pound dual wheel 
loading what the additional requirements would be for the channeliza- 
tion factor, with the 100,000 pound loading. We found that our 
prediction of what was quired checked out exactly in this test. We 
have already found out what was required by the old coverage criteria 
that existed prior to 1955 for a stress equivalent to the B-52. 

Mr. Harpy. I think maybe we can button it down right quickly. 
The thing I had in mind was you didn’t have the channelization 
problem until comparatively recently. 

Mr. Sate. Yes. 

General Witson. That is correct. 

Mr. Harpy. So you couldn’t test for that until after you discovered 
what the problem was. 

General Witson. That is correct. 

Mr. Sate. That is correct. 

Mr. Harpy. I was trying to figure out as nearly as we could about 
when you did come up with a finding. 

Mr. Sate. In June of 1956 we published a criteria which we figured 
was valid. 

Mr. Héserr. Mr. Fisher. 

Mr. Fisuer. Just one more question. 

You have said—and I join, too, in commending you gentlemen for 
a very, very lucid and very helpful presentation. 

General Wiison. Thank you. 

Mr. Fisuer. You have said as of now you developed rigid—— 

General Witson. Design criteria. 

Mr. Fisuer. Capable of taking care of any plane, as Mr. Hardy 
put it, that the Air Force has in use today. 

General Wirson. Yes. 

Mr. Fisuer. You say you also have that for the flexible—you have 
a design for it, as of today. But the question of whether it would 
stand up for 20 vears is more doubtful than the oth 





or 


ve 


ld 


AIRSTRIP PAVING MATERIALS 1997 


General Witson. Well, for the B-52, sir, I don’t say we have the 


design. I say we are satisfied that we have the design below the 
surface layer 


Mr. Fisner. Oh. 

General Wirson. And we are fairly certain that we are on the track 
there. But I couldn’t say that we have it. 

Mr. Fisuer. I see. 

General Wirson. If we had to build one tomorrow, and for any 
reason it had be flexible, we would use what we have right now. 

Mr. Fisner. I see. 

General Witson. And wouldn’t be too concerned. 

Mr. Fisner. You can’t say categorically ? 

General Wirson. No, sir. 

Mr. Fisuer. Now that it would or would not prove out? 

General Winson. That is correct. 

Mr. Fisuer. Is that correct ? 

Geenral Wiison. That is correct, sir. 

Mr. Fisuer. It is to that point? 

General Wirson. Yes, sir. 

Mr. Fisner. It might or it might not ? 

General Witson. Well, it very probably will. 

Mr. Fisuer. It very probably will, in the use of the asphalt concrete ? 

General Wiison. Yes, sir. 

Mr. Heésertr. Thank you very much, General. 

The committee will recess now, until tomorrow morning, at 10 
o’e:ock. The chairman also wishes to make a statement, that in event 
the House does not meet tomorrow, which it probably won’t, that we 
shall also come back for an afternoon session, in order to try to catch up 
some lost time. 

Thank you very much, General. 

(Whereupon, at 12:10 p. m., the subcommittee adjourned, to re- 
convene at 10 a. m., of the following day, Friday, June 28, 1957.) 
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FRIDAY, JUNE 28, 1957 


House or REPRESENTATIVES, 
Com™irTer oN ARMED Services, SUBCOMMITTEE FOR 
SreciaL INVESTIGATIONS, 
Washington, D. C. 

The subcommittee met at 10 a. m., Hon. F. Edward Hébert, chair- 
man of the subcommittee, presiding, with the following members pres- 
ent: Mr. Hess, Mr. Gavin, Mr. Rivers, Mr. Cunningham, Mr. Fisher, 
Mr. Bates, Mr. Hardy, and Mr. Miller. 

Mr. Hézert. The committee will be in order. 

Mr. Courtney. Mr. Chairman, this morning we have the subject of 
the tests being made, about which the Chief of Engineers has testi- 
fied, the tests being made, (1) with respect to rigid pavements, and 
the results and the current state of the art, and (2) the tests with 
respect to flexible pavement and the current state of the art so far as 
the laboratory technical studies are concerned. 


General, will you identify yourself for the record, please, so that 
the audience may know who you are? 


TESTIMONY OF BRIG. GEN. E. A. BROWN, JR., ASSISTANT CHIEF 
OF ENGINEERS FOR MILITARY CONSTRUCTION, DEPARTMENT 
OF THE ARMY, ACCOMPANIED BY R. L. HUTCHINSON, CHIEF, 
PAVEMENT DIVISION, OHIO RIVER DIVISION LABORATORIES; 
C. R. FOSTER, CHIEF, FLEXIBLE PAVEMENT BRANCH, WATER- 
WAYS EXPERIMENT STATION; B. U. DUVALL, SPECIAL ASSIST- 
ANT TO DIRECTOR, OHIO RIVER DIVISION LABORATORIES, AND 
DR. W. J. TURNBULL, CHIEF, SOILS DIVISION, WATERWAYS 
EXPERIMENT STATION 


General Brown. Mr. Chairman, I am Brig. Gen. E. A. Brown, Jr., 
Assistant Chief of Engineers for Military Construction. 

I am substituting for General Wilson, whom you excused from 
attendance at the session today. 

With your permission, we propose to enter into phase 3 of our 
presentation as outlined by General Wilson. 

I have with me Mr. R, L. Hutchinson, chief of the pavement divi- 
sion of the Ohio River Division Laboratories, who will discuss the 
rigid-pavement program and Mr. C. R. Foster, chief of the flexible 
pavement branch at the Waterways Experiment Station. 

Also available, if the committee desires, and as requested by the 
committee, I have Mr. B. U. Duvall, special assistant to the director 
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of the Ohio River Division Laboratories, who is prepared to discuss, 
if you desire, the program on blast and spillage effects. 

In addition, we have available this morning Dr. W. J. Turnbull, 
who is chief of the soils division at the Waterways Experiment 
Station. 

He was requested, by name, by the committee. 

Mr. Courtney. Mr. Chairman, may I interject right there? These 
gentleman—Mr. Duvall and Dr. 'Turnbull, especially—were asked for 
by the subcommittee, because-their names and the results of their 
studies and their professional judgment has been found in a great deal 
of the literature dealin with this subject which is published in tech- 
nical journals and the other scientific media. 

Would you proceed, General? Let us take up first your subject of 
the rigid, which I believe will be handled by Mr. Hutchinson. 

Will you proceed, Mr. Hutchinson, with your prepared statement ? 

Mr. Hurcurnson. The first of my presentation is devoted to a 
summarization of work accomplished to date by the Rigid Pavement 
Laboratory. The task of the development of rigid-pavement desi 
was assigned to the Rigid Pavement Laboratory, Cincinnati, Ohio, in 
1941. Since that time valid and proved design criteria for plain rigid 
pavements and rigid overlay pavements have been developed and 
issued to the construction agencies for the following loadings and 
gear configurations. 

1. 25,000-pound single wheel, which is the current light-load design 
for airfield pavement ; 

2. 100,000 pound twin wheel, which is the B-47 loading; 

3. 240,000 pound twin-twin wheel, which is B-52 loading. 

Valid and proved design criteria have also been developed for non- 
rigid-type overlay (asphaltic concrete and flexible pavement) over 
rigid pavement up to and including the B~47 loading. 

The development of rigid-pavement design is accomplished by three 
primary investigational phases which are described briefly as follows: 

(a) Small-scale-model tests: Small-scale-model slabs are construct- 
ed with known physical properties, fully instrumented to measure 
strains in the slab, placed on a known subgrade strength and subjected 
to various loads and gear configurations. 

(6) Accelerated traffic tests: Full-scale test tracks are constructed 
and subjected to the actual loading and gear configuration of the air- 
craft. The test tracks incorporate such variables as pavement thick- 
ness, subgrade strengths, base courses, concrete materials, and joint 
designs. The test tracks are fully instrumented to measure strains in 
the concrete and deflections of the pavements under both static and 
rolling loads. To date some 11 such test tracks representing about 300 
individual pavement sections have been constructed and tested. 

(c) Condition surveys: Condition. surveys which include pave- 
ment inspections and limited testing programs are conducted period- 
ically at selected airfields through the United States. Condition sur- 
veys yield information regarding the performance of the pavements 
under actual aircraft usage and indicate the validity or necessary 
changes that may be required in the pavement-design criteria. _ 

This investigation also yields information as to the durability of 
the pavement, the operational patterns of the aircraft and their ef- 
fect on the pavement performance, and the adequacy of current con- 
struction techniques. 
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In addition to the development of design criteria for plain rigid, 
rigid overlays, and nonrigid overlays already presented, investigations 
are currently underway at the Rigid Pavement Laboratory to develop 
design criteria for reinforced rigid pavements, and prestressed rigid 
pavements. 

To date, teiitative design criteria have been established for_rein- 
forced rigid pavements for loads corresponding to the B-47 and B-52 
aircraft. However, this design criteria must be validated. No firm de- 
sign criteria for prestressed rigid pavement have been established as 
yet. Preliminary tests have been completed.on a 4-inch prestressed 
rigid overlay on a 6-inch rigid pavement for loads comparable. to the 
B-47 aircraft. 

The second part of my presentation pertains to the proposed work 
at the Rigid Pavement Laboratory, The long-range program for 
the Rigid Pavement Laboratory is to develop design criteria for 
plain rigid pavement, rigid overlay pavements, and nonrigid overlay 
pavements for a 325,000 pound twin-tandem wheel load. 

In addition pilot studies will be conducted to determine the feasi- 
bility of new methods of airfield pavement design. 

Mr. Courrnrey. Mr. Hutchinson, can you tell the committee what 
the state of your technical information is with respect to surface con- 
ditions and problems if any to be expected on the surface of rigid 
pavement in use under B-47 loadings, and B—52 loadings? 

Mr. Hurcutnson. You are referring to surface defects ! 

Mr. Courtney. Surface defects. 

Mr. Hurcuinson. In the pavements ? 

Mr. Courtney. Yes, sir. 

Mr. Hutcuinson. We do have some spalling, that-is, slight break- 
down of the pavements at the joints in some cases. We have some sur- 
face defects due to the curing and the drying of the pavements. But 
these do not affect the structural ability or the load-carrying capacity 
of the pavements. 

Mr. Courrney. So they are strictly a surface problem ? 

Mr. Hurcuinson. Yes, sir. 

Mr. Courtney. Is that right? 

Mr. Hutcuinson. Yes, sir. 

Mr. Courrney. In the criteria which you have established as a 
result of your experimentation for the B-47 and ultimately for 
the B-52, I don’t understand whether or not, from this statement, you 
have reached a firm position on criteria for the B—-52 rigid slab. 

Mr. Hurcrinson. Yes, sir; we have. The 240,000-pound twin-twin 
wheel loading, which is the B—52 loading. 

Mr. Courrney. You reached a design criteria for that? 

Mr. Hurcnurnson. Yes, sir; that is correct. 

Mr. Courtney. Does that involve a change in the mix? 

Mr. Hutcutnson. No, sir; the only change in mix that. would be 
made would be to try to increase the physical properties—the strength 
of the pavement, and the durability of the pavement. 

Mr. Courtney. Does it involve the use of reinforcing bars in any 
way ? 

Mr. Hurcuinson. We have criteria for both plain concrete, without 
reinforcement, and as I said, tentative design criteria for pavement 
with reinforcing bars in them. 
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Mr. Courtney. But the reinforcing criteria, reinforced bar cri- 
teria, if you want to call it that, is still tentative? 

Mr. Hutcutnson. It is still tentative, and must be validated. 

Mr. Courtney. And that involves, I presume, a change in design 
and volume, or mass of concrete ? 

Mr. Hurcurnson. It will reduce the required thickness of the pave- 
ment, that is the required plain concrete thickness by the use of steel 
reinforcement. 

Mr. Courtney. That is all with this witness, Mr. Chairman. 

Now, Mr. Chairman, with respect to the flexible-type pavement, 
and criteria that have been set up for the loadings, first I think Mr. 
Foster will lead off on that. 

Mr. Foster. The Flexible Pavement Laboratory has provided de- 
sign criteria for flexible pavements for the same loadings mentioned 
by Mr. Hutchinson. 

The general approach used by the Flexible Pavement Laboratory 
to produce design criteria for new aircraft or new conditions such as 
channelized traffic is to: 

(a) Establish design criteria for the new condition by means of 
theoretical predictions and by engineering judgment. 

(6) Check the predictions by means of accelerated traffic tests. 

(c) Compare performance of pavements under actual traffic with 
design criteria and make adjustments to the design criteria where 
necessary. 

The program includes studies to determine requirements for struc- 
tural adequacy (thickness, compaction, and paving mixtures), for 
resistance to spillage and blast, and for smoothness. The later item 
has only been recently added to our program. 


THICKNESS AND COMPACTION 


When the study of channelization of B-47 aircraft showed that 
traffic was being applied at 5 to 6 times the rate of previous aircraft, 
the thickness and compaction requirements were increased by theoreti- 
cal procedures to compensate for the additional repetitions. A test 
section has been constructed and trafficked with a simulated B-47 load 
to check these predictions. The results indicate the thickness re- 
quirements are slightly to moderately conservative and the compaction 
requirements are about right. 


PAVING MIXTURE REQUIREMENTS 


Very few cases of distress have occurred in the bituminous paving 
mixtures under actual airplane traffic but rutting of the bituminous 
paving mixture in the test at Kelly has focused attention on the 
problem of paving mix designs for channelized traffic. The Kelly 
test and two other tests conducted at Vicksburg are described briefly. 

(a) Kelly: Kelly was a demonstration test. Adjoining sections 
of rigid and flexible pavement were designed for channelized traffic 
by the then current criteria. The subgrade at Kelly is a clay with a 
CBR of 5 and a K value of 70. 

The flexible-pavement section was 52 inches thick consisting of 5 


inches of pavement, 8 inches high-quality base, and 39 inches of sub- 
base. 
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The rigid pavement was 20 inches thick. 

Both pavements were subjected to accelerated traffic of simulated 
B-47 traffic. 

The rigid pavement carried 30,000 coverages. 

The flexible pavement rutted about 114 inches deep by 9,000 cover- 
ages and traffic was discontinued. 

Analysis of the test showed that the base, subbase and subgrade 
were intact and that all movement was within the asphaltic pavement. 
The instability of the mix was due to the fact that the mix contained 
too much asphalt for the traffic applied in these tests. 

(6) Pavement design pilot section: Simultaneously with the Kelly 
test, a section was tested at Vicksburg with similar mixes but with a 
range of bitumen contents, Mixes placed at optimum bitumen con- 
tent, the same as used at Kelly, also rutted but those placed with 20 
percent less asphalt than optimum successfully carried 30,000 cover- 
ages of simulated B-47 loading. As a result of these tests and the 
tests at Kelly, interim recommendations haye been made for reducin 
the bitumen content by 20 percent for channelized lanes for B—4 
loading pending further study of other types of mixes and bitumens. 

Additional study of the problem has shown that traffic during hot 
weather is significantly more detrimental in bituminous pavements 
than traffic during cold. weather. 

We have concluded that about 10,000 coverages of accelerated hot- 
weather traffic is probably sufficient for establishing design criteria 
for 30,000 coverages where the traffic is applied at all seasons of the 
year. 

(c) Paving mixtures for very heavy loads: A pilot test section 
has been constructed at Vicksburg and is now being subjected to traffic. 
The Asphalt Institute has cooperated in this wate and has designed 
the paving mixtures in certain items. 

Traffic was started with a 325,000 pound load with 300 pounds per 
square inch tire pressures. The traffic showed that a definite problem 
exists for this load, and traffic was shifted to‘'B-52 loading to obtain 
interim information on this load. Traffic is in progress at the present 
time, and has been carried to 11,000 coverages on certain items, and 
6,000 on others. 

These tests should provide a tentative mix design for B-52 traffic 
by further reduction in bitumen content over and above that used 
for the B-47. Reduction in bitumen content probably means some 
sacrifice in expected life and considerable experimentation with gra- 
dations other than those normally used by the corps and with special 
types of bitumens including those with high softening points is 
needed to develop mixes which will be satisfactory for B-52 traffic 
without reduction in bitumen content. Experimentation along this 
line is underway at the present time. 

Summation : 

STRUCTURAL ADEQUACY 


Flexible pavements have been structurally adequate for light air- 
craft. 

Distress has occurred under channelized B-47 traffic in flexible 
pavements in a significant number of cases. The distress has been 
attributed to overload, to construction deficiencies, and in two instances 
to deficiencies in the design criteria, The deficiencies in design criteria 
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were corrected in 1956 and increased emphasis has been placed on 
eliminating construction deficiencies, 

The design criteria for B-47 loads, as currently revised, are con- 
sidered adequate. 

The design criteria for the B-52 loading are considered reasonably 
adequate for the lower layers (subgrade, subbase, and base) but these 
criteria need checking. The tentative design criteria for paving mix- 
tures for B-52 loading which will be established as a result of the 
current testing may be safe from the standpoint of displacing under 
traffic but may result in pavements which are less permanent than 
those designed for nonchannelized areas. Considerable study is needed 
to develop paving mixtures which will carry B—52 traffic without the 
necessity for reductions in bitumen content. 

With respect to future aircraft with very heavy loadings, 325,000 
pounds, or twin tandems with 300 pounds per square inch tire pres- 
sures, design criteria can be produced for the sibigriile: subbase, and 
base course but they will need checking. 

Sufficient work has been done to show that paving mixtures for these 
loads present a problem. Research to date, however, does not show 
that paving mixtures for this load are impossible. Further investi- 
gation and testing is needed before any construction for this very 
heavy load is initiated. 

Smoothness: Data are not available from the flexible paving in- 
vestigations to support a statement. 

Jet fuel spillage and blast: Rubberized tar pavements are fuel- 
resistant and have given reasonably satisfactory service. The effects 
of aging are not known. 


LONG-RANGE PROGRAM 


A long-range program to verify design criteria for B-52 loadings 
and to develop design criteria for a 325,000-pound load has been 
prepared and funds have been requested. 

Mr. Courtney. Mr. Foster, I would like to direct your attention 
to the last part of your statement, with reference to the jet fuel 
spillage and blast, the so-called rubberized tire pavement. -I take it 
that that involves some additives, such as the developments by United 
States Rubber, and Flintkote, and refers—or does it refer to the so- 
called critical areas where planes are warmed up and fueled? 

Mr. Foster. The rubberized tar pavements have been developed as 
a substitute for portland cement concrete in critical areas. 

Mr. Courtney. In those critical areas? 

Mr. Fosrrr. Yes, sir. 

Mr. Courtney. So that portion of your statement deals primarily 
then with the condition that might be expected in the so-called critical 
areas ? 

Mr. Foster. Yes, sir. 

Mr. Courtney. I take it you have not proved the length of service 
that, might be expected of that quality or kind of a mix? 

Mr. Foster. That is right. 

Mr. Courtney. But aside from the factor of age, I take it you are 
satisfied that they will do the job? 

Mr. Fosrer. We are satisfied that we have a spillage-resistant pave- 
ment that is reasonably adequate. and where the cost differential is 
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large enough it is something that should be considered in the overall 
program. 


Mr. Courtney. Even on the critical areas? 

Mr. Foster. Only on the critical areas. 

Mr. Hésertr. Everything has been made critical, so we are talking 
about everything. 

Mr. Foster. This should be used only where spillage is a problem. 
That was primarily the apron and around fueling hydrants. 

Mr. Courrnry. You feel the state of that art is such that the ma- 
terial should be made competitive, is that it? 

Mr. Foster. It is a reasonably satisfactory material. The using 
service, then—I mean that information has. been presented to the 
using service, and the using service then makes up its mind whether it 
wants to accept a reasonably satisfactory material in lieu of a com- 
pletely satisfactory material. 

Mr. Courtney. But so far as technical information is concerned 
and so far as the proof developed in your laboratory is concerned with 
respect to the quality and kind of materials, outside of the factor of 
age or useful lite, are you satisfied from the scientific point of view the 
materia] should be competitive ? 

Mr. Foster. May I say it this way? 

We have studied the material. 

We have worked with the producers to bring it up to a certain 
quality. The quality is now at the point where we are ready to pro- 
pose its use. It has been used. We are still not satisfied with it. We 
are working for higher quality. But you can’t wait until you get it 
exactly like you want it. So we have started using it in its present 
state. And we expect in its present state for it to give reasonably 
satisfactory service. 

There have been a number of pavements built with this material. 
We are watching them constantly. And they are giving reasonably 
satisfactory service. It still needs to be improved. And the effects of 
aging are not known, because they are not very old. 

Mr. Rivers. Mr. Foster, a summary of your testimony is: from the 
experiments carried on by your department—and you are in charge 
of the flexible end of it? 

Mr. Foster. That is right, sir. 

Mr. Rivers. That if you change the bituminous content—I think 
you call it bitumen ¢ 

Mr. Fosrer. Either word is satisfactory. 

Mr. Rivers. Yes. If you change the bituminous content, you have 
arrived at something which on its face, assuming that your sub-content 
is satisfactory and that you have licked that problem—you have 
arrived at something that appears to be satisfactory for the B-47 
vintage of plane; is that correct ? 

Mr. Foster. That is correct. 

Mr. Rivers. Now, the overall distance of that satisfaction—are you 
prepared to say how long that possibly would last? Is it of indefinite 
duration or reasonable length of time? 

Mr. Fosrrr. Well, I don’t think any pavement lasts indefinitely. 
But these pavements will last a comparable length of time to other 
pavements. 

Mr. Rivers. A comparable length of time to cement ? 
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Mr. Foster. Well, to other bituminous pavements that are built 
by highway departments, and pavements which have been built by the 
corps for light-duty traffic. 

Mr. Rivers. I see. 

You are not comparing it with rigid? 

Mr. Fosrer. Well, I try to avoid the comparison with rigid because 
we try to produce a flexible pavement which will stand the traffic and 
be satisfactory, and in my work I try to avoid—— 

Mr. Rivers. Of course, our thinking is not proscribed like that. 
Because we are authorizing the pavement for all of the freight. 

Mr. Foster. That is right. 

Mr. Rivers. Now, let’s get to the B-52: So far as the B-52 is con- 
cerned, your experimentations indicate that while you may be on the 
threshold, as General Wilson, I think, testified of developing some- 
thing that would prove satisfactory for a B-52 vintage, or even the 
325, to which you referred, or the 350, with the twin-twin tandems, 
or twin tandems, whatever it is, for channelized traffic, you are not 
prepared to state from your experimentation, are you? 

Mr. Foster. That is right. 

Mr. Rivers. You don’t know whether or not 

Mr. Hésert. What was your answer: “That is right”? 

Mr. Foster. That is—I understand the question—that is right. 

Mr, Rivers. So far as the B-52 vintage or heavier is concerned, you 
are still working and you don’t know whether you have gotten some- 
thing that will last indefinitely or not? 

Mr. Foster. Well, we are on the threshold. And as General Wilson 
said yesterday—If we had to for some reason Rorrnce a pavement, 
flexible pavement for B-52 loading, we would have a design which 
we would submit. 

Mr. Rivers. Do you find that the Asphalt Institute is carrying on 
experimentations on their own to justify consideration other than 
what you are doing? 

Mr. Foster. The Asphalt Institute is carrying on laboratory in- 
vestigations; yes, sir. They are cooperating with us. 

Mr. Rivers. They are cooperating with you. 

Mr. Foster. Yes. 

Mr. Rivers. Do they carry on an intensive research ? 

Mr. Foster. I don’t know how large the research is, sir. 

Mr. Rivers. Have you heard anybody say whether or not they 
carry on an intensive research ? 

Mr. Hésertr. The Asphalt Institute, Mr. Rivers, will testify. 

Mr. Rivers. Just wait. 

The Asphalt Institute is not testifying. 

Mr. Heeert. They will. They can answer the question. This 
man can’t answer the question; he doesn’t know. 

Mr. Rivers. This man can tell me what he heard. We are not 
bound by the rulings of evidence, as our attorney will tell you, in 
congressional hearings. Now, we can pick up our information, so 
long as we don’t offend the Supreme Court. 

Now, I want to know if it is generally felt in your office that you 
are getting proper cooperation from the asphalt industry ? 

Mr. Fosrsr. [ think the Asphalt Institute, within the limits of their 
ability, are doing intensive research and have cooperated with us well. 
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Mr. Rivers. So you feel, from what you have been able to ascertain, 
that you have gotten cooperation from them? I want the record to 
indicate that. Because T don't want it said to this committee or to 
the military that any industry expects the military to develop its 
product, you see ¢ 

Mr. Foster. I would like to say that, as far as I am concerned, the 
cooperation of the Asphalt Institute has been satisfactory. 

r. Rivers. That is satisfactory tome. I just wanted that for the 
record. I was interested to hear what you said in response to our 
distinguished attorney’s inquiry, that you had found a rubber com- 
ponent that looked good on the critical area as we now understand it, 
that is the end and around the faucets where you pour the oil. So far 
as the wear and tear from the sun, the weather, and whatever other 
elements compose the disintegration components, you are not prepared 
to say, is that what you 

Mr. Foster. The rubberized tar pavements which are in service have 

iven reasonably satisfactory service. I wouldn’t say they are perfect, 
but they are sufficiently satisfactory that they should be considered in 
the overall picture, for the cost differential is quite high. 

Mr. Rivers. So far as the age from the weather and the sun and 
so forth, you don’t know the durability of it? 

Mr. Fosrer. That is right. 

Mr. Rivers. I think you made a fine statement. 

Mr. CunnineHam. Mr. Chairman, I would like to ask a question of 
this witness, and also direct the same question later to the previous 
witness, 

Mr. Foster, if you have a son whois a pilot, or if you do not have 
a son who is a pilot, assuming that you did have a son who is a pilot, 
piloting military aircraft, would you be satisfied to have that pilot 
land on airstrips of flexible paving? 

Mr. Foster. I have a son. 

If he elects to be a pilot, if he can get an airstrip as good as an 

asphalt strip to land on, I will be happy. 

e will have to land on a landing mat. He will have to land on 
surfaces worse than asphalt by far. So if he can get an asphalt strip 
to land on, I will be ha py: 

Mr. CunNINGHAM, Would you be as well satisfied for him to land 
on an asphalt strip or a flexible strip as you would on rigid or cement? 

Mr. Foster. If you might let me make it a little more personal, I 
fly quite a great deal and I have no pune whatsoever on landing 
on an asphalt strip. There has never been, to my knowledge, a rec- 
ord of a landing plane falling through either an asphalt or a port- 
land cement pavement. There have been taxiing aaa that have 
fallen through both. 

Mr. Cunnincuam. When they were landing? 

Mr. Foster. No, taxiing. 

Mr. CunnincHam. What about the one at Offutt Air Force Base? 

Mr. Foster. I am not familiar with Offutt. I heard it mentioned 
here a few days ago. 

Mr. CunntncHam. Now, Mr. Chairman, I would like to ask Mr. 
Hutchinson the same question. If you had a son who was a pilot 
or assume that you did, would you be satisfied to have him land on 
an airstrip of rigid or flexible pavement at all times? 
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Mr. Hutrcuinson. From my experience and inspection of airfield 
pavements, I feel confident that the rigid pavements are perfectly safe 
for a landing. 

Mr. CunntncHam. What would be your answer to the flexible? 

Mr. Hurcutnson. Again, I think I would have to voice Mr. Fos- 
ter’s statement there, that for the runway, from what I have seen 
of flexible pavement runways—I am not an authority on flexible 
paved runways. But I have all the confidence in the world that most 
of them I have seen would be safe to land on; that is, would not—— 

Mr. Cunntncuam. Do you know of any kind of pavement that you 
would rather have them land on, if you had a son or sons, than either 
flexible or rigid as we have it today? Is it possible to get a better 
pavement of any kind out of any other substance, such as steel or iron 
or stone ? 

Mr. Hutcurnson. Well, I feel confident that better materials prob- 
ably are available, but that the cost of these materials would be pro- 
hibitive for airfield pavements. That is, a steel deck or something 
like that would certainly probably be built stronger than either of 
the two. But the cost of the runway out of steel would be prohibitive. 

Mr. Cunntnenam. Of course, the primary consideration of one 
member of this committee is the saving of lives. 

Mr. Hurcutnson. Yes, sir. 

Mr. Rivers. Let me ask Mr. Foster right there: You say you fly 
quite a bit and you have no qualms on landing on asphalt under all 
conditions. I imagine you said that. I assume you are talking about 
landing on them with a loaded B-52 under all conditions. 

Mr. Foster. No, sir. I will fly in commercial aircraft where I can. 
I ride military when I have to. [ assure you I have landed in com- 
mercial aircraft on fields which were as far underdesigned or as 
nearly underdesigned as those the B—52’s are landing on. 

Mr. CunnINGHAM. Will the gentleman yield? 

Mr. Rivers. Yes. 

Mr. Cunntncuam. I understood. the answer to my question was 
you were dealing with military aircraft and not commercial. Am 
I wrong? 

Mr. Foster. When I answered Mr. Rivers I said—at least when I 
answered you and said I fly quite a bit, I meant to, or should have said, 
I fly in commercial aircraft. 

Mr. Cunntneuam. My question was propounded for military air- 
craft, a son or an assumption of a son who js flying military aircraft. 

Mr. Foster. I asked permission to change the question to a per- 
sonal one, and at that time I should have said I fly in commercial 
aircraft. 

Mr. Rivers. I didn’t want the record to show that you had taken a 
B-52 and came down with all hands aboard, with all fuel aboard, 
under emergency conditions, and landed on a channelized construc- 
tion. I just didn’t want the record to have that in it. 

Mr. Harpy. I would like, Mr, Foster, to concern myself a little bit 
with this question of spillage and paving that will resist it. 

You used a term that I am not so sure I understood. You made a 
comparison between what is reasonably satisfactory and completely 

‘satisfactory. 

Did I understand in response to a question I believe from—I don’t 
know whether it was Mr. Hébert—that the only difference that you 
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place between these two terms is the lack of knowledge on the effect 
of aging? 

Mr. Foster. If that was the connotation, it is not exactly right. 

Mr. Harpy. I am not sure it was. That is what I wanted to clear 


up. 
Peis Foster. The performance to date has only been reasonably 
satisfactory. In addition to that, the effects of age are unknown. 

Mr. Harpy. Now, what do you mean by “reasonably satisfactory” ? 
It is a rather loose 

Mr. Rivers. It is a relative term. 

Mr. Foster. Well, maybe I could say this, that in engineering, 
no material or nothing is as good as you would like to have it. So 
the design is developed up to a state where you are willing to start 
using it. That is the best definition I can give you for this. This is 
sufficiently satisfactory that we think it should be used. You use it 
under those conditions, recognizing that some difficulties may be 
experienced in the use of it. 

Mr. Harpy. Now, you have made a distinction between that and 
completely satisfactory. Then, do I understand that your rigid is 
completely satisfactory and you have no reservations at all about 
that? 

Mr. Foster. Well, the rigid is completely satisfactory from the 
standpoint of fuel spillage. 

Mr. Harpy. That is what I am talking about. 

Mr. Foster. From the standpoint of fuel spillage, there is no dam- 
age to the rigid pavement by fuel spillage, to the rigid pavement 
itself. 

Mr. Harpy. And at best any flexible paving that has been developed 
up to now does show some deterioration from spillage and has to be 
repaired ? 

Mr. Foster. The deterioration is not from spillage. It is from 
the characteristics of the material itself. It has more shrinkage than 
asphalt pavement and has cracks or will crack when it shrinks. The 
damage from spillage has not been determined, if there is any damage 
of spillage on this rubberized 

Mr. Harpy. It just isn’t too satisfactory as a paving agent? 

Mr. Foster. That is right. 

Mr. Harpy. To return to your comments about design criteria 
and loading, you are a little more specific today than I believe that 
General Wilson indicated that you would be with respect to satisfac- 
tien of your paving mixtures for B—47 loading. I believe you indi- 
cate that in all respects flexible paving now is designed for adequate 
performance for B-47 loads? 

Mr. Mirier. We feel that the design criteria for the B-47 loading 
is adequate. 

Mr. Harpy. And your-statement further indicates that with respeet 
to the B-52, there is really no question about the adequacy of your 
subgrade and subbase and base, but you did put the further reserva- 
tion in there to make some additional checking; is that correct ? 

Mr. Mitier. Well, I don’t think that it is true to say that we have 
no reservations. We say they are reasonably adequate. Théy are 
hased on predictions from the behavior under the B—47 traffic test. 

We approach it similarly to the way Mr. Sale described yesterday, 
in that the extension to a new condition is predicted and then a'‘test 
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is made to check that prediction. When we made the extension for 
the B-47, the checks worked out quite well. Therefore, we are con- 
fident of our prediction to the B—52’s, but it needs checking. 

Mr. Harpy. Do I understand you have run no tests with B-52 load- 
ings ? 

Mr, Miter. Not for the condition of subgrade, subbase and base. 

Mr. Harpy. Well, you have for those factors on .rigid—maybe I 
should ask Mr. Hutchinson. 

Mr. Hutcurnson. Beg your pardon? I didn’t understand it. 

Mr. Harpy. The question of subgrade, subbase and base—the base. 
structure for the rigid, paving has Pad proven out for the B-52’s? 

Mr, Hutonrnson. We have never run any test with the gear con- 
figuration of the B-52. We have run tests with a gear that pro- 
duces the same loading and stress in the pavement as a B-52. And 
under that loading, we have a subbase, or subgrade specification that 
will 

Mr. Harpy. I take it, Mr. Foster, you have not held similar tests 
on the base and subbase on the B-52 with respect to asphalt paving— 
they have not been run? 

Mr. Foster. We have not run a test on flexible pavement for the 
subgrade, subbase and base with a B-52 loading, but we have made 
tests with other gears which make us confident of our predictions for 
this case. 

So we feel they are reasonably adequate. But we also feel that they 
need checking. 

Mr. Harpy. I wonder how experimentation and testing with respect 
to rigid have gotten ahead of experimentation and testing with respect 
to the flexible? Is it because of a lack of funds for research and de- 
velopment ? 

Mr. Fosrer. Well, no one thinks they have enough funds. We 
have worked with the Air Force on programs and up until the last 
year they have provided us with funds slightly in excess of our ability 
to hire people to use them. 

I would like to qualify that by saying that had we determined 
several years ago that we wanted twice the effort, we could have hired 
up to that effort. 

The reason that— the apparent reason or the reason for being ahead 
of rigid versus flexible is due to the fact that they have less layers 
to consider. 

Mr. Harpy. The thing I am leading up to is to try to see what we 
can do to catch up. 

Mr. Foster. We have submitted to the Air Force a requested 
budget for double the effort that we have in for the last 5 years. It 
is a 4-year program and it doubled the effort. 

Mr. Gavin. Would the gentleman yield? 

Mr. Harpy. Just one second. 

Do I understand you anticipate it would take 4 years to deter- 
mine the adequacy with respect to flexible paving of B-52 loads? 

Mr. Foster. No, sir, that covers the 325,000 pound load, also. 

Mr. Harpy. I will be through in just 1 second, Mr. Gavin. 

Could I get some idea of what your target date is with respect 
to proving out, either one or the other, of paving or a flexible design 
for the B-52 loading? 
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Mr.. Foster. As a result of the tests which are under way at the 
resent time, which should be completed this month, we should pro- 
uce, if we are able to, and I think we will be, a tentative criteria 

for the B-52, that is for the paving mixture. ' 

If we get that to the point where we can recommend it to the Chief 
of Engineers as reasonably adequate—that is the recommendation 
we have now for the lower layers—he will be in a position to consider 
whether or not he is ready to start recommending flexible pavement 
for B-52. 

We still, then, will have to do approximately 1 to 2 years of check- 
ing to verify that tentative design criteria. At that time we will 
move into the 325,000 pound. 

Mr. Harpy. Are you currently, then, running tests using compa- 
rable load similar to that which was done at the Kelly test? 

Mr. Foster. The Kelly test was made with a B-47 load. We are 
currently testing with a load which simulates a B-52. 

Mr. Harpy. That is what I mean. You are running a load test 
to simulate B-52? 

Mr. Fosrer. That is right. 

Mr. Harpy. At the present time? 

Mr. Fosrer. Yes, sir. 

Mr. Harpy. And you do expect by the end of this month you will 
come up with some sort of—did you say the end of this month? 

Mr. Fosrsr. I said the end of this month. 

Mr. Harpy. Then within the next—— 

Mr. Rivers. Week. 

Mr. Harpy. No. 

Mr, Foster. What? 

Mr. Mitier. You mean June or July? 

Mr. Hésert. This is June. 

Mr. Courtney. 28th of June. 

Mr. Harpy. That is what I am trying to get. 

Mr. Foster. The tests are scheduled to be completed within the 
fiscal year, sir. 

Mr. Harpy, Then you have only 2 or 3 more days. 

Mr. Rivers. The end of this week, I will say. Don’t wait until 
midnight of Sunday. 

Mr. Fosrer. It was earlier when I left home. 

Mr. Harpy. That is what I was trying to establish. 

Mr. Harpy. Then, within the next ye or two, your testing will 
be advanced to a point where you expect to make a finding with 
respect to the adequacy of your design to handle B-52 loads? 

Mr. Fosrrer. We expect as a result of those tests to produce a tenta- 
tive design criteria, which the Chief of Engineers will evaluate and 
determine whether or not he is ready to recommend for the pavement 
for the B-52. 

Mr. Rivers. Will the gentleman yield at this point? 

Mr. Harpy. Just 1 second. 

Mr. Foster. May I add one word to it? 

Mr. Harpy. Yes. 

Mr. Fosrer. I am giving you an erroneous impression if you think 
we can complete the test Friday afternoon, which is this afternoon, 
and have the results Monday morning—— 

94407—57——10 
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Mr. Gavin. With a definite answer. 

Mr. Foster. To the Chief’s office. It will be this summer. 

Mr. Harpy. I was just going by your testimony, because I thought 
you said this month. 

But you will have all of your data in and it will be a matter of 
evaluating it, I take it, after 

Mr. Foster. We will have to collect our data. We will hold a 
meeting of our board of consultants. The data will be presented 
to the board with our recommendations. The board will either con- 
eur or ask for something else. If it concurs in the recommendation, 
it goes to the Chief of Engineers. That will take about a month ora 
month and a half. 

Mr. Harpy. Mr. Hutchinson, just a second. When you completed 
your design recomendations with respect to the rigid pavement, do 
you still have any tentative findings in there or are you pretty well 
satisfied with your conclusions ¢ 

Mr. Hurcutnson. As far as an investigation similar to the one we 
perform at the laboratory, we do not have any tentativeness in the 
design criteria. 

Mr. Harpy. You can come up with more positive conclusions than 
Mr. Foster ? 

Mr. Hutrcutnson. Yes, sir. As for our investigation, it is firm and 
valid. Now, of course, the proof of the pudding is after it 1s used 
with aireraft for a number of years. 

Mr. Harpy. Now, just one more question. You say you have asked 
Mr. Foster for a substantial increase in your budget for continuing 
your experimentation in your research ¢ 

Mr. Sixener At that point, will the gentleman yield? That is the 
point I was trying to call to your attention, that yesterday General 
Wilson, I believe, indicated that they had requested from the Depart- 
ment of the Air Force an allocation of $500,000 for rigid and $800,000 
for flexible for 1957-58. So the flexible is being given just as much 
consideration as the rigid. 

Mr. Harpy. If the gentleman will just—I want to develop a particu- 
lar point: I don’t think it will conflict with the gentleman’s idea. 
The thing that I wanted to find out—I recall General Wilson’s testi- 
mony. How much of that will be under your control, or how much 
of it might go into other areas of experimentation, I don’t know. But, 
thinking in terms of your own budget and what you asked for experi- 
mentation under your direction, you have requested, I believe you said, 
about double ? 

Mr. Foster. Double effort. 

Mr. Harpy. About double the effort. Now, if you get that, you 
think you can prove out your 325,000-pound load in a 4-year period ; 
is that right ? 

Mr. Foster. We can either prove it or disprove it. 

Mr. Harpy. One way or the other. You can get a conclusion with 
respect to it ? 

Mr. Foster. Yes. 

Mr. Harpy. Unless you do get that amount, you don’t anticipate, or 
do you anticipate, that you could still prove it and arrive at a con- 
clusion ? 

Mr. Foster. No. 
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Mr. Harpy. It will take you a longer period of time; is that your 
answer / 

Mr. Fostrr. Well, we sat down and determined what we thought 
was necessary to prove or disprove it, and prepared a program. The 
program can be accomplished in any period of time. e recom- 
mended a 4-year program as being double our effort, which we felt was 
all that we could possibly hire up and undertake. Engineers are dif- 
ficult to get. We have qualms of being able to do a double effort. 
But we were willing to try. 

Mr. Harpy. So, even with the additional money, unless you can get 
the manpower you still won’t be able to carry it on? 

Mr. Foster. Yes. 

Mr. Harpy. And it is your judgment, then, that, with this additional 
money, assuming you can get the additional manpow er, the best you 
can presently hope for is about a 4- -year program ? 

Mr. Foster. That is for the 325,000-pound load ; yes, sir. 

Mr. Harpy. Thank you, Mr. Chairman. That is all. 

Mr. Hesert. Mr. Gavin, do you have a question ? 

Mr. Gavrn. The only thought I had in mind was that this formula 
that you are developing now in your experiments may not be the 
answer. You are not definite about that. It is a step in the right 
direction. .And I suppose further experimentation after you do 
determine this formula for flexible, that it would be improving the 
situation, that it may not be wholly the answer, but it will be as 
good, in your estimation, as rigid; is that right ? 

Mr. Foster. In our estimation, the design that we will produce for 
the B-52-—— 

Mr. Gavin. Yes. 

Mr. Foster. Will be satisfactory for the conditions it will be used 
for. 

Mr. Gavry. Under present conditions today ? 

Mr. Foster. Yes. 

Mr. Gavin. The increase in size or the load or something else that 
may change the complexion, too. 

Mr. Foster. That is an entirely different thing. There will prob- 
ably be some lack of permanence in the wearing surface, and the 
program that we have submitted includes a study of the other for- 
mulas, other bitumens, even, to rectify that lack of permanence. 

Mr. Gavin. Well, they are trying to point this situation here, that 
you should come up with a definite assurance that the formula you 
are going to recommend is the answer. That just isn’t quite true, 
even though you are in a position—you think it is gomg to meet the 
situation, but you are just not assured that it is the answer. 

Mr. Foster. We think it will meet the situation. 

Mr. Gavin. That is right. 

Mr. Foster. Except for the possible lack of permanence. 

Mr. Gavin. Under the circumstances at present ? 

Mr. Foster. That is right. 

Mr. Rivers. Will the Trenitehliak from Pennsylvania yield right 
there? 

Mr. Gavin. Yes, I will be glad to. 

Mr. Rivers. Mr. Chairman, I just want to ask him this question: 
That recommendation, in response to Mr. Hardy’s and Mr. Gavin’s 
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inquiry, that you are going to make to the Chief will be for the base, 
the subbase, and the bitumen content—the three things? 

Mr. Foster. The pavement, yes. 

Mr. Rivers. The whole business ? 

Mr. Foster. Yes. 

Mr. Fisner. One question, Mr. Chairman. Mr. Foster, assuming 

that adequate funds are provided for this continuation of your re- 
search and experiment, can you make any kind of an estimate as to 
how long it will be before you are able to arrive at pretty definite 
conclusions about the asphalt concrete and its capability in taking 
these heavy aircraft? You are right in the middle of it now; aren’t 
you? 
. Mr. Foster. We estimate that this summer we will make tentative 
recommendations to the Chief of Engineers regarding the paving 
mixture for the B—52, which is the last item that we are holding back 
on. We realize at the present time that that paving mixture will 
have less permanence than desired. We have in the program experi- 
mentation with other types of formulas and other types of bitumens 
to rectify that lack of permanence, and my estimate is that that is a 
2-year job, 

Mr. Fisuer. That is the bitumen content and so forth in regard to 
the mixture? 

Mr. Foster. The design which we expect to produce this summer 
will be a further reduction of bitumen content with standard mixes. 
We expect that, by using other types of bitumens or possibly other 
types of aggregates, we can have a mix which will stand up under 
B-52 loading without that reduction in bitumen content. 

Mr. Fisuer. You anticipate that you may be able to do that? 

Mr. Foster. Well, as a possibility, and we should investigate it. 

Mr. Fisuer. I see. 

Mr. Fosrer. And that is the item that I think will take about 2 
years to investigate. 

Mr. Harpy. Mr. Chairman, did we have any testimony concerning 
the status of determination of criteria, design criteria, for rigid pave- 
ments to accommodate the 325,000-pound load ? 

Mr. Héserr. I don’t think so. My recollection is that is also an 
experimental stage. The only positive conclusion they have on the 
rigid is the use of the B-52. 

Mr. Rivers. That is 250. 

Mr. Hépert. That is 250. 

Mr. Harpy. If that is the case, I would just like to ask Mr. Hutchin- 
son the status of that program and when he expects to come up with 
a finding on the 325,000 load. 

Mr. Hurcutinson. Sir, we have just awarded a contract for. con- 
struction of a test track, to be tested with the 325,000 twin tandem 
loading. That track will be constructed this summer and will be 
traffic-tested next spring, possibly, and completed by the end of fiscal 
year 1958. 

At that time we will have either proved or disproved, I should say, 
the rigid pavement design criteria, plain concrete design criteria, for 
the 325,000 twin tandem wheel. 

Mr. Harpy. Then the experimentation and research in connection 
with rigid paving lends itself to a little speedier determination than 
it does with flexible; is that right? That is a correct statement ? 
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Mr. Hurcuinson. Well, as Mr. Foster explained, we do deal with 
less layers of material. 

Mr. Harpy. Well 

Mr. Hurcuinson. I think—— 

Mr. Harpy. I gather you expect to arrive at a conclusion ahead of 
Mr. Foster. 

Mr. Hurcurson. Well, we expect to arrive at a conclusion for 
plain concrete at the end of 1958, 1 year from now. 

Mr. Rivers. All he has to do is make his a little thicker? 

Mr. Hutcurinson. That is correct, 

Mr. Harpy. That is all, 

Mr. Hépert. There is one point I want to have clear. The testi- 
mony given this morning is on the competency of both the nee and 
the flexible paving. However, there is no indication that after the 
conclusions have n reached the using service would adopt what 
your conclusions are. I am particularly referring to Mr. Foster’s 
testimony on flexible. 

In other words, you expect to come up with an answer in a short 

eriod of time as related to the usability of the flexible paving. 
Hamevee, you merely pass that information on after it is evaluated 
by the chief—you pass that evaluation on to the using service and 
there is ho compulsion on the part of the using service to utilize your 

ndings? 

General Brown. May I make a comment, Mr. Hébert. 

Mr. Héperr. Yes, 

General Brown. There is a possibility, as General Wilson indicated 
yesterday, that we might, in the chief’s office, ask for more testing on 
that, since it is strictly 

Mr. Hézerr. I mean after the conclusion is reached—— 

General Brown. If we decide to send it to the Air Force, then it is 
their decision. 

Mr. Hésert. To make use of it. The crux of this whole hearing is 
to find out, of course, whether the comparable flexible usage is com- 
pulsive on the part of the using agency. I just want it clear that 
although you do come up with two products of equal desirability or 
equal capability, there is nothing to compel the Air Force to use it. 
You could come up with a better product for flexible and the Air 
Force could still say, “We insist on concrete.” 

General Brown. That is correct. 

Mr. Bares. Mr. Chairman, have we had any information on the 
general availability of concrete on the consumer market today ? 

Mr. Courtney. No. 

Mr. Bares. What is the situation as far as the availability of con- 
crete outside the military? Of course, they are going to get what they 
need. But for commercial purposes today ? 

Mr. Hurcutnson. Mr. Bates, I don’t feel I am qualified to answer 
that question because I just do not know. Insofar as I know, the 
military has been able to acquire all that it needs. 

Mr. Bares. I am sure that the military has. 

Mr. Hurcurinson. That is about the hmit of my—— 

Mr. Bares. But a few months ago I had a constituent of mine call 
me up and he couldn’t get some concrete and wanted me to get it for 
him. You have no information on the commercial market today ? 
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Mr. Hurcurnson. No, sir, I do net. 

Mr. Hésert. Mr. Courtney, any further questions? 

Mr. Courtnry. I have a few questions with respect to the Kelly 
test, Mr. Foster. 

I notice in your prepared statement you call the Kelly test a demon- 
stration test. Now, I will ask you whether or not the criteria em- 
ployed in the Kelly test— the design employed in the Kelly test—is 
the same design that you are employing now to test the B-52 loading? 

Mr. Foster. No, the word “demonstration” implies that it was a 
demonstration of pavements designed by the then current design 
criteria. 

The Kelly test was designed, or the sections of Kelly were designed 
exactly as a district office would have designed a pavement for that 
condition. 

Mr. Bates. A district office of what? 

Mr, Fosrrer. Of the Corps of Engineers. 

Mr. Bates. Of the Corps of Engineers? 

Mr. Foster. Yes. 

Mr. Bates, But it is not the same design that you have been dis- 
cussing here used in your experimentation ? 

Mr. Fosrer. In our experimentations we design some sections under- 
strength, some overstrength, and some which we think are right, 
so that we can get some failures and some satisfactory pavements. 
But Kelly was designed to be what the then current criteria called for. 

Mr. Bares. Well, my question, then, gets down to this: Is there 
any comparability between what was tested at Kelly and what you 
were testing at Vicksburg? 

Mr. Foster. You mean today? 

Mr. Bares. Yes, sir. 

Mr. Fosrrer. The mixes which are in place at Vicksburg today have 
been designed taking into consideration the distress that occurred 
at Kelly, and they are different; yes, sir. 

Mr. Bates. They are different ? 

Mr. Foster. Yes, sir. Had we built pavement today—that is if a 
district office builds a pavement today for channelized traffic of a 
B-47, it would be built different than Kelly was built because we 
have changed the criteria as a result of the Kelly test and those at 
Vicksburg; also. 

Mr. Bares. And those at Vicksburg as well? 

Mr. Foster. Yes, sir. 

Mr. Bates. Then, so far as a contribution to the present understand- 
ing of the problem, the Kelly test would have little validity in your 
opinion, would it not? 

Mr. Fosrer. The Kelly test taught us an awful lot about chan- 
nelized traffic, but as to the problem of whether or not asphalt can 
stand the traffic, it has little validity. 

Mr. Bares. Little validity. 

Mr. Foster. Yes. 

Mr. Rivers. Concerning Vicksburg, Mr. Chairman, I would like to 
ask Mr, Foster—I know it is a very large installation. How much 
would you say the Army engineers has invested at Vicksburg? I 
know they can duplicate a whole harbor in one of their facilities. 
But I have never seen Vicksburg, but I heard a lot about it. 
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Mr. Foster. I don’t know what the investment is, sir. 

Mr. Rivers. What about that, General? Isn’t that one of the largest 
installations / 

General. Brown. It has.been in existence for a considerable period 
of time, but I would have to get you those figures, Mr. Rivers. I 
don’t know what the current investment is. 

Mr. Rivers. I know they have duplicated a harbor at my home 
town. 

General Brown. That is correct, sir. 

Mr. Rivers. The whole business. 

General Brown. That is right, sir. 

Mr. Héperr. Mr. Courtney, any further questions ? 

Mr. Courtney. One question further, Mr. Chairman. 

In the present state of the art, Mr. Foster, in the present state of 
your experimentation, so far as scientific information is concerned 
and technical experimentation is concerned, what is your opinion as 
to whether or not, in view of the progress you have made and detailed, 
this, considering cost, is an appropriate time on which to freeze on one 
design criteria or one kind of material? 

Mr. Fosrer. You are asking me a question that is actually a little 
out of my field, but 

Mr. Courtney. I am only asking you with relation to scientific in- 
formation such as is within your ‘knowledge as a technician. I am 
not talking about the military considerations or anything of that kind. 

Mr. Foster. If I were in the position of having to make a decision, 


I can only make a decision to utilize portland cement concrete for 
B-52 loading. 


Mr. Courtney. At the present time ? 

Mr. Fosrer. At the present time. For any loading less than that, 
it should be competitive. 

Mr. Courtney. But in the present state of the art, are you prepared 
to say that that should be an inflexible, or rather a permanently 
established criteria ? 

Mr. Foster. That should be a criteria which exists only until—— 

Mr. Courtney. Until such time as you come up witha 

Mr. Foster. With a recommendation. 

Mr. Courtney. With a recommendation or an answer 

Mr. Fosrer. And it is accepted by the Chief of Engineers. 

Mr. Courtney. I see. 

Mr. Harpy. I just want to inquire about this Kelly test. As I 
understand the testimony we have had, there was no Lebalitaw n except 
with respect to the top layer of the asphalt paving. Did you examine 
that test and concur in that finding? 

Mr. Foster. I will say this: I was responsible for that finding, 
yes, sir. The only distress was in the asphalt- -paving mixture. 

Mr. Harpy. Are you familiar with the repair that was made on 
that surface ? 

Mr. Fosrer. Since yesterday I became familiar with it. 

Mr. Harpy. Well, do I understand, then, that you did not partici- 
pate in any recommendations for resurfacing of it ? 

Mr. Foster. The test was under our supervision, and it was our 
responsibility to have it repaired after we were through. The repair 
was done, or was accomplished by the engineer at the base, under 
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our direction. It was a minor thing, and that is why I didn’t know 
about it yesterday. Since then I found out about it, 

Mr. Harpy. It was a minor thing. What do you mean by that? 

Mr. Foster. It consisted only of taking out a 12-foot strip where the 
traffic had been applied to a depth of an inch and a half and replacing 
if with asphalt concrete similar to that as used on other areas of the 

ase. 

Mr. Harpy. You don’t mean by that that the damage was limited 
to a 12-foot strip ? 

Mr. Foster. Yes, sir. 

Mr. Harpy. How long astrip of asphalt paving was it? 

Mr. Foster. Well, the traffic was carried on over 200 feet of the 
taxiway, that area 12 feet wide. 

Mr. Harpy. In an area 12 feet wide. 

Mr. Foster. On a strip 200 feet long. 

Mr. Harpy. So you had to replace a 12-foot-wide strip for the 
entire distance ? 

Mr. Foster. Of 200 feet. 

Mr. Harpy. Of 200 feet. 

Now, did you replace it with the same kind of paving, asphalt 
paving, that was used elsewhere on the base or did you replace it with 
a new mixture? 

Mr. Foster. It was replaced with the same type of pavement that 
was used elsewhere on the base. 

Mr. Harpy. That was different from what had been used on the 
test strip. 

Mr. Foster. Slightly different, yes, sir. The taxiway that this was 
placed on was a latter taxiway and gets relatively infrequent traffic. 
The test section was designed for channelized traffic, so the mixes have 
to be slightly different. 

Mr. Harpy. Then does that mean that the mix that is currently 
used on there was inferior to that which was used for the test track? 

Mr. Foster. No; it is not inferior. It is better suited to the traffic 
that it will get than the mix which was in the test track. 

Mr. Harpy. Do I understand that that section of the taxiway is 
not involved in any channelized use at the present time? 

Mr. Foster. That is right. 

Mr. Harpy. That has only infrequent traffic ? 

Mr. Foster. That is right. 

Mr. Harpy. Does that have any use by any aircraft heavier than 
the B-47, or do you know? 

Mr. Foster. I do not know that. 

Mr. Harpy. That is all. Thank you. 

Mr. Bares. How long did it take you to make those repairs ? 

Mr. Foster. I don’t know. I think it was in the order of 2 or 3 
days. It was a very small job. 

Mr. Bates. Then, if you had used that for a regular taxiway, under 
regular circumstances, how long do you think it would have lasted? 
cd long that taxiway would have lasted under normal use, do you 
think? 

Mr. Foster. The repairs were made last year. It is in good shape 
at the present time. 

Mr. Bares. If it hadn’t been an experiment, how long do you think 
it would have lasted under normal use? 
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Mr. Foster. If it had not been an experiment? The latter taxiway 
would have lasted for the design life, which was, on—we talk about 
20 to 25 years. 

The latter taxiway gets relatively infrequent traffic. 

Mr. Bares. You would have had to repair it before that time had 
ey But until the next repair, how much time would have trans- 

ired ¢ 
a Mr. Foster. I am sorry, Mr. Bates, I don’t quite—— 

Mr. Bares. What I am trying to get at is the question of tying up 
operations. If you had used this for operational purposes instead of 
a test, and you would use that kind of material, how much time would 
have been lost for operations had it been used for regular purposes 
instead of merely for a test ? 

Mr. Foster. Had it been used for operational — and being 
on a latter taxiway, it would not, in my opinion, be subjected to any 
stress within its design life. Had it been on a primary taxiway, I 
still do not think that it would have suffered severe distress in the 
design life. The channelized traffic duplicates several years’ opera- 
tion in a short time. Had it suffered distress, it would have been u 
after 5 or 6 years of its life. The repairs would have been—woul 
have taken longer because it would have been a longer strip, but it 
would have been in the order of a 2- or 3-week job to repair it. 

Mr. Bares. That is what I was trying to get at originally, a couple 
of days ago. One was on the question of the cost differential and 
secondly how much it would tie up operations. So you don’t think it 
would have been a serious problem as far as operations are concerned ? 

Mr. Foster. Well, whether 2 or 3 is serious or not, I can’t answer. 
Two or three weeks may be serious to the Air Force and I can’t 
answer that. 

Mr. Fisuer. Mr. Foster, you certainly made a fine witness and have 
given us a lot of information. Based upon all of your experience and 
these various tests that have been made, would you say that you are 
optimistic about the cost effects of coming up with a flexible form of 
paving that will meet the needs of a modern heavy-type aircraft ? 
Is that your feeling in the back of your mind, that you are optimistic, 
that you are on the right track ye it may prove out? 

Mr. Foster. Maybe I have taken that attitude and maybe if I could 
say what I think—I think no one ever really knows. I am intrigued 
with a difficult task and that is my optimism, I think there is sufficient 
possibility to warrant the expenditure of funds, and I would be happy 
to do the research if it is determined it will be done. 

Mr. Rivers. And it would be well within the competitive range? 

Mr. Foster. Yes. 

Mr. Heserr. Well, thank you, gentlemen, very much. On behalf 
of the committee the Chair wishes to compliment the Corps of Engi- 
neers on the splendid presentation which it has made, and I hope, 
General Brown, you will convey those sentiments to General Wilson 
and also to General Itschner. 

General Brown. Thank you very much. 

Mr. H&sert. We are very, very well pleased with the presentation 
of the Corps of Engineers, the competency of their witnesses and their 
cooperation. 

The next witness, Mr. Courtney. 
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Mr. Courrnry. The Asphalt Institute, Mr. Chairman, I think is 
in-order next. 

Mr. Chairman, may we have a slight recess ? 

Mr. Hésert. The committee will stand in recess for 5 minutes. 

(Whereupon, a short recess was taken. ) 

Mr. Hépert. The committee will be in order. 

I understand that Mr. Duvall had a prepared statement to give to 
the committee. So we will insert it in the record. 

Mr. Courtney. Yes, Mr. Chairman, the plan was to insert it in the 
record. It relates to a subject which in the agenda of the committee 
has been settled and is not an issue in this hearing. 

(The statement is as follows :) 


HEAT AND BLAST EFFECTS ON AIRFIELD PAVEMENTS 


The investigation of the potential effects of the heat and blast of jet aircraft 
on airfield pavements has been a continuing study since the inception of jet 
aircraft in the mid-1940’s. 

The objectives of these studies have been the solution of problems involyed 
in design, construction materials, construction procedures, and the maintenance 
of existing and newly constructed pavements. 

The procedures followed in an effort to attain the objectives, briefly stated, 
have been: 

(a) Library studies have been made of existing general related information 
on materials which might be used economically. In the library-study cate- 
gory is also the use of Air Force guides on aircraft and propulsion units, 
conferences with Wright Air Development Center technical personnel to obtain 
data and general future planning information, and contacts with engine and 
aircraft manufacturers for the same purpose. 

(b) Time-movement studies were made of aircraft operations at selected 
Air Force bases including static aircraft operations for maintenance purposes. 

(c) In an effort to anticipate the effects on pavements, facilities have been 
constructed at the AFFTC, Edwards AFB, to determine the temperature rises 
induced in pavements during time operations to simulate normal operations 
of jet aircraft. Supplemental to this are pavement surface condition surveys 
at representative Air Force bases and the investigation of reported damage 
to airfield pavements due to heat.and blast. 

(d@) The laboratory materials studies conducted have included the con- 
ventional portland cement concrete aggregates, formed refractories such as 
firebrick and tiles, and castable refractories used by both conventional and 
pneumatic (“gunited”) placement. 

(e) The results of the laboratory materials studies form the basis for 
materials and construction procedures to be utilized in field installations. 
These are made to substantiate, under airfield operational conditions, the find- 
ings of the laboratory investigations. 

The results of the overall studies prior to mid-1954 indicated that with pro- 
pulsion units then used and with the attitude of then operational aircraft, the 
heat and blast impinged on pavement surfaces was not of sufficient magnitude 
to affect the structural properties of portland cement concrete pavements. The 
average maximum pavement surface temperature measured up to that time 
was about 300° F. with one aircraft producing a surface temperature of 385°. 
It might be noted that the average maximum pavement surface temperature 
measured was the break point at which asphaltic concrete pavements begin 
to show minor surface erosion. 

Information obtained also indicated that jet aircraft propulsion units were 
far from the ultimate as to the potential of such systems with respect to 
order of maximum temperature and blast velocity. The considered judgment 
of engineers was that critical areas of airfield pavements should be able to 
withstand temperatures above 1,000° F. with 2,000° being considered a probable 
maximum. 

Consequently such studies were planned and initiated. 

The studies conducted since mid-1954 have shown that under certain op- 
erational conditions pavement temperatures of 900° F. will develop with one 
aircraft, the F—-100D. 
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This temperature is in excess of that for satisfactory performance of portland 
cement concrete subject to sustained or numerous repetitions of such operations. 
Consequently, a higher type construction material was required for critical 
areas of an airfield system. The development of a heat resistant or refractory 
pavement for these critical areas was then initiated. 

These continuing studies have also shown that only certain aircraft are a 
potential source of damage to pavements. Others may be regarded as requiring 
no consideration as to pavement type regardless of the operations being conducted. 
No specific information has been obtained as to the potential effects of the 
vertical takeoff aircraft. 

On the basis of the Rigid Pavement Laboratory studies, including field obser- 
vations and discussions with United States Air Force operational personnel, it is 
the studied opinion that for current operational aircraft and those anticipated in 
the next 3 years: 

(a) Where existing pavements are portland cement concrete, special heat- 
resistant pavements are not required for runway ends and taxiway approaches 
to runway ends, based on present knowledge; however, these areas should be 
subject to frequent inspections since repeated lower order thermal shock may 
gradually lower the quality of portland cement concrete pavements. 

(b) Heat- and blast-resistant pavements will be required for : 

1. Portions of aprons which will be used for maintaining jet aircraft and 
subjected to long periods of heat and blast incidental to complete checking of 
engine performance. 

2. Areas of pavement subjected to power checks of jet aircraft prior to take- 
off, such as certain portions of warmup pads. 

The Rigid Pavement Laboratory studies to date have shown that pavement 
surfaces of refractory materials resistant to jet aircraft exhaust heat and blast 
ean be constructed. This work is subject to confirmation on a field test installa- 
tion basis, for which plans and specifications have been completed. 

Future studies of the problem of providing selected areas of an airfield system 
with pavements resistant to heat and blast of jet aircraft should take cognizance 
of the fact that ultimate temperatures to be considered as limited only by develop- 
ments in the metal-alloy field. 

Current developments in this field point to possible hotter engines and depend- 
ent on aircraft attitude, could mean higher pavement temperatures. Also, some 
of the developmental jet engines, such as the XJ-89 and XJ-—91 by Allison division 
of General Motors and Pratt & Whitney, respectively, have thrust appreciably 
greater than any now in production or in the final development stage. 


Mr. Courrney. Mr. Buchanan. 

Mr. BucHanan. Yes, sir. 

Mr. Courtney. Mr. Chairman, the Asphalt Institute is prepared to 
testify. We have Mr. J. E. Buchanan, its president, and Mr. Arvin 
S. Wellborn, its chief engineer. 

Mr. Buchanan has a prepared statement, Mr. Chairman. 

Mr. Hésert. Mr. Buchanan, you may proceed. And I will ask the 
cooperation of the members of the committee to allow you to finish 
your statement before asking questions. 


TESTIMONY OF J. E. BUCHANAN, PRESIDENT, AND ARVIN WELL- 
BORN, CHIEF ENGINEER, ASPHALT INSTITUTE 


Mr. Bucuanan. Mr. Chairman, and members of the subcommittee, 
my name has been announced, J. E. Buchanan, and I am president of 
the Asphalt Institute. 

With me is Arvin S. Wellborn, who is chief engineer of the institute, 
Mr. Wellborn was present and testified at the hearings on airfield 
paving before a subcommittee of the House Armed Services Commit- 
tee in February 1954. 

Mr. Wellborn has maintained continuous contact with the airfield 
paving problem since the previous hearings, and is present today with 
engineering data to document the institute’s statement. 
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If it may please the subcommittee he will present our documenta- 
tion immediately following my brief statement. In case you desire it 
for reference, a brief summary of my own background is included as. 
a footnote hereto. 

(The summary is as follows:) 


I am engineering graduate and a registered professional engineer. My initial 
experience with asphalt research, design, construction, and education started 
in 1927 and continued for some 15 years. 

Then for nearly 4 years as a Reserve officer on active duty in the Corps of 
Engineers during World War II, I was principally concerned with military air- 
field problems, first at the Engineer School, Fort Belvoir, and then overseas in 
the India-Burma and China theaters. I have had over 20 years of Reserve and 
active duty in the Army and presently I am in the Retired Reserve. For 8 years 
after World War II I served as president of a State university, resigning volun- 
tarily to join the institute in July, 1954. 


The Asphalt listitute was pleased to receive an invitation to appear 
before this subcommittee and offer whatever assistance it can to the 
distinguished members who are earnestly endeavoring to judge criteria 
to be used for military airfield construction. 

The institute shares the national concern that our Air Force should 
maintain a peak striking efficiency. It is our hope also that this hear- 
ing will develop the fact that this paramount concern may be realized 
without extravagance and without establishing a monopolistic paving 
situation. 

In case you desire it for reference, I have included as a footnote to 
this page a brief statement about “The Asphalt Institute and the ex- 
tent of asphalt production in this country.” 

I should comment so it will not be mame, that asphalt is one of 
the major construction material resources of this Nation. 

(The summary is as follows:) 


Asphalt is a constituent of most petroleums. It is recovered from petroleum 
in the refining processes and constitutes a major construction material resource 
of this Nation. 

The Asphalt Institute is a nonprofit research and engineering organization 
voluntarily supported by the majority of producers of asphaltic materials, The 
institute is recognized the world over as the asphalt-industry spokesman and 
engineering authority serving both users and producers of asphaltic materials 
through programs of engineering research, field studies, and educational activi- 
ties, including technical publications and grants to engineering colleges. 

To carry out its work the institute maintains a headquarters office and labora- 
tories with an engineering staff at the University of Maryland and some 25 
engineering field offices throughout the United States. 

The institute has nothing to do with, and has no responsibility for production, 
distribution, pricing, selling, and commercial aspects or trade practices per- 
taining to asphaltic materials, 

According to the United States Bureau of Mines, annual production of asphaltic 
materials now amounts to about 117 million tons. About 70 percent of this pro- 
duction, that is, about 12 million tons, is used in paving of all kinds; about 20 
percent is used in roofing; and about 10 percent in various industrial applica- 
tions. 


It is no happenstance, and certainly no fact to be ignored, that about 
four-fifths of all the paved roads and streets in this country are sur- 
faced with asphalt. Similarly, according to the Civil Aeronautics 
Administration, 7 of the 10 most heavily traveled civilian airfields in 
the United States are largely paved with asphalt. Moreover, no ob- 
jections have been made to a pavement to serve the jet-powered 
civilian aircraft that are soon to be put in service. 


Now, with specific reference to the military airfield pavement prob- 
lem, I should like to make these points. 
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1. We are not contesting the critical areas as understood in the 1954 
hearings. 

2. We are much impressed by the lucid and forthright presentation 
on Thursday, June of. 1957, of Maj. Gen. Walter K. Wilson, Jr., of 
the Corps of Engineers, and I ‘oui like to make the same comment 
with respect to Mr. Foster this morning. 

General Wilson made it quite clear that the principal new airfield 
paving problems that have arisen with respect to heavy military air- 
craft since the 1954 hearings before this subcommittee, relate to in- 
crease in plane weights and channelized traffic, particularly the latter. 

3. As we understand it, channelized traffic is peculiar to the opera- 
tion of military bombers such as as B47 and B-52. Also, we under- 
stand that channelized traffic is not characteristic of other military 
aircraft types such as trainer, fighter, and cargo planes. Nor is chan- 
nelized traflic characteristic of civilian aircraft. Moreover, previous 
testimony showed that distress due to channelized traffic occurred on 
both rigid and flexible pavements. 

Therefore, it would seem proper at this stage of our engineering 
knowledge concerning both types of pavements, to accept the sugges- 
tion by General Wilson of developing special designs for the relativel 
narrow strips or channels used by these tracking bombers along tax1- 
way centerlines and at the ends of runways, especially in view of the 
larger future loads mentioned by General Wilson, and also mentioned 
again this morning, 305,000 pounds as compared with 240,000 for the 
B-52 and 100,000 for the B-47. 

But certainly, the existence of channelized traffic cannot justify the 
extension of “critical areas” to include all the paving on a military air- 
oot yr” do so would ignore real economy that is possible by using 
asphalt. 

ictured there for you gentlemen, is a photo of the airfield at Lime- 
stone, Maine. Concrete is shown at the ends of the runways and the 
warmup areas, but that long stretch of runway is asphalt, which we 
think is an excellent example of combined use of materials to serve 
the military needs and at the same time accomplish economy. 

4. It is our understanding that of the several flexible pavements 
cited by the Air Force on Thursday, June 27, 1957, as showing dis- 
tress under channelized traffic, not one had actually been designed for 
the loads or channelized traffic imposed. Neither was there any claim 
of plane damage or personnel injury related to the alleged distress, 

Moreover, Mr. Chairman, this is a most important point to be clari- 
fied for our industry and its relations with civilian airport officials. 

Civilian aircraft do not move in channelized traffic patterns. As- 
phalt pavement is adequately and economically serving our busiest 
civilian airports and, for the public record, it should be made clear 
that the problem of channelization is peculiar to the military. 

5. The Asphalt Institute believes that the conclusions and decisions 
of the subcommittee following the February 1954 hearings were 
basically sound and proper. With minor reservations, the institute 
is still in accord with those conclusions and decisions. The reserva- 
tions we have pertain to the ideas that 1,000 feet at ends of runways 
and that all aprons should be regarded as so-called critical areas. I 
believe in this example, that is 1,000 feet of concrete at the end of the 
runway. 
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We think, for example, that 300 feet of concrete at ends of runways 
would be sufficient. Also, we feel that only certain parts of the aprons 
are critical areas; not the entire aprons. But in general, we go along 
with the criteria agreed upon as being sound by the subcommittee 
after the February 1954 hearings. 

6. It is still a recognized fact (as Mr. Ferry’s figures show as pre- 
sented in June 24, 1957)—last Monday that in most cases the first 
cost of asphalt pavement is decidedly less than competing types de- 
signed for the same loads. Further, it is generally admitted that as- 
phalt pavement costs no more to maintain, and no figures to the con- 
trary have been presented in these hearings. In addition, as General 
Wilson testified, maintenance of asphalt pavement, when needed, is 
much more easily and quickly accomplished as is new pavement con- 
struction. These are most important military considerations. 

7. Asphalt paved airfields in the United States are presently serving 
all kinds of military aircraft traffic from the lightest to the heaviest. 
Moreover, heavy bomber airfields in foreign areas and the north 
country also are paved with asphalt and are successfully serving our 
military needs. These facts fly in the face of published sweeping state- 
ments attributed to Maj. Gen. Lee B. Washbourne in 1956 before 
the 37th Annual Convention of the Associated General Contractors 
to the effect that concrete can take it and asphalt can’t, a statement that 
has been widely publicized and quoted. We admit a problem in chan- 
nelized strips, but we think that, too, can be solved economically. 

8. Recent testimony by Air Force officials to the Congress suggests 
that the heavy bomber is facing obsolescence by development of mis- 
siles, the probable time of displacement of the heavy bomber being 
only a matter of a few years in the future. 

If this be the trend, then we would suggest that the recognized 
economy of asphalt construction, wherever and whenever it can be 
used, looms even more important than heretofore. 

9. The institute sees no justification for the action of the Air Force 
in their Installations Engineering Criteria Memorandum No. 56-34 
(100.1.2) dated May 25, 1956: 

(1) Selection of pavement types. 

(a) Primary use pavement at all Air Force installations will nor- 
mally be constructed of portland cement concrete. 

(6) The term “primary use pavement” is defined as (1) all paved 
areas on which aircraft are regularly parked, serviced, maintained, or 
preflight checked; (2) all runways having adequate length, width, and 
approaches to permit sustained uses by combat or combat-support air- 
craft, and (3) taxiways connecting paved areas defined in (1) and (2) 
above, which, by redefining so-called critical areas, amounts to cir- 
cumvention of the criteria previously acceptable to the subcommittee. 
By broad and sweeping interpretation of critical areas on military 
airfields, whether they carry hight or heavy military aircraft, it has 
been possible for the Air Force to eliminate asphalt entirely from op- 
erational areas in favor of concrete, as, for example, at Grand Forks 
Air Force Base, N. Dak.; Geiger Air Force Base, Wash. ; and Richards- 
Gabaur Air Base, Mo., to name but three. 

10. The economy and versatility, i. e., the engineering adaptability, 
of asphalt pavements are well known throughout the world. 

And economy was never more important than it is right now to us 
in the United States. Elimination of lower cost asphalt paving where 
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it can satisfactorily serve not only wastes tax money in itself, but also 
it eliminates competition. History amply shows that elimination of 
competition and creation of monopoly always results in higher costs, 
As you gentlemen well know, there is no substitute for competition in 
the ‘market place. 

Moreover, elimination of use of asphalt pavement denies military 
personnel necessary experience for wartime know-how. 

11, Asphalt pavement builders more often than not are subcon- 
tractors on airfield construction projects. These asphalt paving spe- 
cialists often eome within the congressional definition of small business. 
Elimination of asphalt paving on airfields would take away a sub- 
stantial volume of business for which they are prepared to compete. 

These small businesses should not be made to suffer unnecessarily 
such loss of opportunity to bid for asphalt paving work in which they 
specialize. Moreover, they need to have continuous experience with 
military requirements to be in readiness for emergencies. 

12. Contrary to our understanding of the conclusions and decisions 
from the February 1954 hearings, there have been examples of con- 
tract awards for airfield paving to higher concrete bidders where lower 
bids had been entered for the comparable and alternate asphalt pave- 
ment designs. This is not only contrary to the subcommittee’s instruc- 
tion, but also it is poor public policy and wasteful of tax money. We 
cite a recent bidding and award at Geiger Air Force Base, Spokane, 
Wash., as a case in point. Here the award was made to the higher 
concrete bid in preference to the lower asphalt paving bid, despite the 
fact the two pavements were designed for the same military aircraft. 
a situation in which the award clearly should have been predicated on 
the low bid. 

And I might interpolate, else why bring out alternate designs. 

In this case the differential was 7.2 percent of the bid for the asphalt 
design and represented a waste of some $169,000 of tax money. Also, 
the low bidder was deprived of work to which he was entitled. 

13. Much criticism has been leveled at asphalt pavement as a result 
of a test at Kelly Air Force Base during the summer of 1956. We re- 
gard the Air Force requirements and decisions pertaining to the Kelly 
test as decidedly unrealistic and unfair, and we are prepared to docu- 
ment our position. 

In plain language the simple fact is that the asphalt mix used on the 
small asphalt test section at Kelly Air Force Base was too rich in 
asphalt content for the conditions of the test. If I heard Mr. Foster 
correctly this morning, I believe he made, in substance, that statement. 

Anyone who knows the rudiments of asphalt paving technology 
knows how an overrich mix will behave. That is what happened at 
Kelly Air Force Base. The pavement did not fracture or colts or 
disintegrate. It shoved out of position. 

I have here a section of the pavement from Kelly Air Force Base. 
This was cut from one of the distress sections, one of the narrow chan- 
nels where the wheels moved. Members of the committee can see that 
it did not disintegrate, fly apart—it suffered some deformation, but it 
still was capable of carrying planes. It did not drop the wheels 
through into the substructure below. 

Normal procedure under such circumstances would be to adjust the 
mix, making it leaner. The pity is that the overrich mix in the test 
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panel at Kelly Air Force Base was not Toe replaced with a 
more appropriate mix. This was suggested, but the Air Force was 
apparently not interested. 

Evidently, the behavior of the overrich mix at Kelley was considered 
justification of the previously announced criteria change. However, 
the overrich materia] was subsequently removed and replaced with a 
regular paving mixture, and put back in regular service. Reports to 
us are that it is serving satisfactorily. Mr. Wellborn will have some 
more to say from an engineering standpoint with respect to Kelly. 

14. It is to be expected that our opposition will bring to your atten- 
tion instances of distress in asphalt pavements. And, of course, there 
are some cases. Those that have come to our attention have been in- 
vestigated by our engineers as objectively and thoroughly as circum- 
stances permitted. In most cases the observed asphalt pavement dis- 
tress could easily be corrected by normal maintenance procedures, and 
I should say, and quickly, too. However, where the difficulty resulted 
from poor drainage, inferior base materials or improper construction 
methods, as was found at two airfields, obviously the corrective meas- 
ures will have to go deeper than the asphalt pavement itself. 

15. As to failures of concrete pavement on airfields, we naturally 
are not fully informed. Nevertheless, we are aware that concrete 
pavement also has its troubles; for example, at Lake Charles Air Force 
Base, La., as was reported in these hearings. At any rate a lot cf con- 
crete query on military airfields has been resurfaced and is being 
resurfaced with asphalt. We are sure this would not be done unless 
the existing concrete needed something to correct its deficiences or dis- 
tress. 

Before closing, it is pertinent to mention Dow Air Force Base at 
Bangor, Maine, which is being paved with concrete. We are reliably 
informed that cracking and distress are already evident in some of the 
concrete slabs even before being subjected to traffic. I mention this 
to eeu that occasional distress is not peculiar to one type of pavement 
only. 
But the cost aspect of the Dow Air Force Base paving is even more 
interesting. When bids were first invited, Dow was to have been paved 
in part with concrete, and partly with asphalt pavement. This was in 
accordance with the paving policy agreed upon after the 1954 hearing. 
The initial bid for all paving items amounted to $2,920,241. 

Then what happened? The heavy-duty asphalt paving items were 
struck from the design and the contract renegotiated. The upshot of 
it all was a new cost figure for paving Dow Air Force Base, amount- 
ing to $5,873,873. This represents an increase in paving cost of nearly 
$3 million, double the paving cost of the project in the original bidding. 
We would be interested in the justification for this action. 

May I ad lib that this great increase in cost may be an example of 
what happens when competition is eliminated. 

And from an engineering standpoint it is entirely possible that the 
choice of rigid concrete for soil and frost conditions at Bangor in 
northern Maine was not the logical pavement selection. 

This is a lesson learned from airfield construction experience in the 
north country as was approvingly noted by Mr. Ferry with respect to 
Thule. Asphalt paving has other advantages, in addition to its well- 
known economy. There are special conditions where engineering 
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analysis calls for its use to meet climatic, soil and water conditions, not 
only the frost conditions of the north, but also difficult and changing 
soil conditions in temperature and hot climates. 

In conclusion, the institute recommends to the subcommittee that the 
sound conclusions and decisions following the February 1954 hearings 
be reaffirmed, and that the interpretation of “critical areas,” for whic 
competition between asphalt and concrete is to be eliminated, shall be 
properly confined to what is actually needed to serve the peculiar and 
special needs of heavy military aircraft. 

I want to add particularly channelization. 

Now, I should like to ask Mr. Wellborn to summarize for you our 
documentation. 

Mr. Wetieorn. Mr. Chairman and members of the subcommittee. 
My name is Arvin S. Wellborn and I am chief engineer of the Asphalt 
Institute—— 

Mr. Courtney. One minute. 

Mr. Héserr. One minute, Mr. Wellborn, please. Before we con- 
tinue with Mr. Wellborn, perhaps the members of the committee would 
like to ask Mr. Buchanan some questions. 

I will first ask you one question there, Mr. Buchanan, in which you 
make the statement that the Air Force apparently was not concerned 
or interested in making immediate changes at Kelly. Were any peo- 
ple from the Asphalt Institute allowed to be present during the test at 
Kelly ? 

Mr. Bucnanan. I believe Mr. Wellborn has personal knowledge of 
that. 

We had an observer there at least part of the time. 

Mr. Wettgorn. Yes, we were invited to have an observer present, 
but we had nothing to do with the design or construction methods. 

Mr. Héserr. You had nothing at all to do with the design or con- 
struction methods? 

Mr. Wetiporn. No, sir. 

Mr. Hésert. When this first distress occurred, and apparently from 
the mix, the lean mix—have you any knowledge that this was called 
to the Air Force’s attention ? 

Mr. Weuuporn. At the time of the failure, was it called to the Air 
Force’s attention ? 

Mr. Héserr. Yes. 

Mr. Wetiporn. That the mix was too rich? 

Mr. Hépert. Yes. 

Mr. Wetzorn. Yes, indeed, it was called. 

Mr. Hévert. Who called it to the Air Force’s attention ? 

Mr. Wettporn. As I understand, in the reports which we have re- 
ceived, this was called to the attention of the Air Force by both our ob- 
server and by the Corps of Engineers. 

Mr. Hésert. Do you know the officer to whom—the officer of the 
Air Force to whom attention was called ? 

Mr. Wetxeorn. I understand it was Colonel Lutz. 

Mr. Héserr. Colonel Lutz—L-u-t-z? 

Mr. WetLBorN. Yes, sir. 

Mr. Héserr. And what was his reaction ? 

Mr. Wetrorn. His reaction was negative. 

Mr. Héxvrrr. I mean negative to what extent ? 
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Mr. Wetizorn.. He wasn’t interested. 

Mr. Héserr. How is that? 

Mr. WeutieorN. He was not interested. 

Mr. Hésert. He merely shoved off the suggestion that the mix 
should be improved, that it was too lean ? 

Mr. Wetteorn. That is my understanding. 

Mr. Courtney. Too rich. 

Mr. Héserr. Too rich, and did not attempt at all to rectify the 
situation ? 

Mr. Wetieorn. That ismy understanding. 

Mr. Héserr. Mr. Courtney, I will ask that you have the Air Force 
have Colonel Lutz available for us. 

Mr. Courtney. Yes, Mr. Chairman. 

Mr. Batess. Now, Mr. Chairman, just on that point I may have mis- 
interpreted Mr. Foster’s remarks, but, in reference to the overrich 
mixture, I had presumed he referred to Kelly in its regular service and 
not for purposes of the test. 

Mr. Bucuanan. No. The test section, sir, is what we are talking 
about. 

Mr. Bates. Yes, but when it was repaired it wasn’t done with the 
same rich mixture. 

Mr. Bucuanan. That is correct. 

Mr. Bares. And, of course, the need for it was different than it was 
for the test. I would like to have that just clarified. 

Mr. Courtney. Mr. Foster 

Mr. Bares. Is Mr. Foster here ? 

Mr. Courtney. Mr. Foster is right here. 

Mr. Bates. Would you 

Mr. Fostrr. Would you repeat the question, sir? I didn’t realize 
you were talking to me. 

Mr. Bates. The statement here: 


However, the overrich material— 


talking about Kelly— 








was subsequently removed and replaced with a regular paving mixture and put 
back in regular service. Reports to us are that it is serving satisfactorily. 

Now, as I understood your testimony, you didn’t put back the same 
type of rich mixture because the use to which it would be put in rou- 
tine operation there was different than what you had for test purposes ? 

Mr. Foster. That is correct. 

Mr. Bares. But you agree that the mixture was overrich for test- 
ing purposes ? 

Mr. Fosrrer. The mixture which was in the text section at Kelly 
was too rich for the traffic that was applied in that test. 

Mr. Bares. But)the reason why you put it back was different than 
that. The reason that you put it back at a different mixture, regular 
mixture, is that it was only for normal] purposes? 

Mr. Foster. That is right. 

Mr. Gavin. Who developed the formula for that original mix that 
was put on Kelly? } 

Mr. Foster. The flexible pavement laboratory, sir. 

Mr. Gavin. Yes. Where was your Asphalt Institute that time, if 
you, in your estimation or opinion—you criticize it now. At the time 
the formula was developed, did you have any knowledge of it, as to 
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what mix was going in, as to whether or not you thought it was ade- 
quate to meet the oe required there ? 

Mr. WeLLBorN. Yes, sir; we had knowledge about it. 

Mr. Gavin. What did you do about it ? 

Mr. WetLBorN. We informed the Corps of Engineers that we didn’t 
think it would work. 

Mr. Gavin. What did the Corps of Engineers say ? 

Mr. Wetizorn. They said they thought it would work under the 
circumstances. 


Mr. Gavin. Do you have any written correspondence to that effect ? 

Mr. Wetteorn. No, sir. This was by telephone. 

Mr. Harpy. Mr. Chairman 
Mr. Rivers. I would like to say this. 
have 10 minutes. Confine your remarks. 

Mr. Harpy. Could I just clear up the point Mr. Bates raised? 

Mr. Rivers. Yes. 

Mr. Harpy. I wanted to be sure. Mr. Bates pointed out it was not 
the same mix put back. As I understand it, there was no repair of 
that strip for test purposes and the repair was made only after the 
strip was put back into regular, normal use, rather than test use; is 
that correct ? 

Mr. Bucuanan. That is my understanding. 

Mr. Harpy. See if we can get verification from Mr. Foster. 

Mr. Fosrer. That is correct. 

Mr. Bates. That is the situation. 


Mr. Rivers. Let’s keep the record straight. Have you finished, Mr. 
Bates? 
Mr. Bares. Yes. 


Mr. Gavin. I just have one question—I mean one observation. You 
state here : 





If we could confine—we only 


It is our hope, also, that this hearing will develop the fact that this paramount 


concern may be realized without extravagance and without establishing a monop- 
olistic paving situation. 


That is kind of a heavy charge, I would say. Because, when you 
continue on, on page 3, you say: 


It is no happenstance, and certainly no fact to be ignored, that about four- 
fifths of all the paved roads and streets in the country are surfaced with asphalt. 
Similarly, according to the Civil Aeronautics Administration, 7 of the 10 most 
heavily traveled civilian airfields in the United States are largely paved with 


asphalt. 

I would say if you get 7 out of the 10 and you get four-fifths on the 
paving, you are doing pretty well with yours. It looks like, to me, 
you got more of a monopoly than the cement organizations. What 
do you think ? 

Mr. Bucuanan. Mr. Chairman, I would like to refer to the photo- 
graph there. 

Mr. Gavin. I am asking you a question now. 

Mr. Bucuanan. Iam answering 

Mr. Gavin. You’re talking about it looks as though you are develop- 
ing a monopolistic practice on rigid and flexible pavements. And you 
point out here where you got four-fifths of all the paved streets in 
the country and that you got 7 out of 10 airbases. 
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_I presume you are getting a pretty fair share of the airbases—the 
civilian bases, 7 out of 10. 


And I presume you are getting a pretty fair share of the airbase 
construction in the military. 

I don’t like the inference that this hearing is developing rather 
toward monopolistic practices, because your own statement proves 
that you are doing pretty well, and it isn’t developing a monopolistic 
situation. And you are talking also on the economic situation, 

I am interested in the human factors. I am interested in lives, too, 
along with the tax money that might be realized from the differential 
between flexible and rigid. 

We are interested in that, too, But this hearing shouldn’t try im- 
mediately to infer that it is purely—this rigid construction is develop- 
ing into a monopolistic situation, because I personally don’t think 
it 1s. 

Mr. Rivers. Are you going to answer? 

Mr. Bucuanan. May Lanswer, Mr. Chairman? 

Mr. Rivers. Yes, sir. 

Mr. Bucuanan. My point is this, that if asphalt with its known 
economy will adequately serve parts, and important parts, of military 
airfields, then it should not be excluded by criteria determinations 
because by so doing, if that were done, then there would be a tendency 
toward monopolistic use of only one material on military airfields. 

Mr. Gavin. Why don’t you reserve your monopolistic inferences un- 
til such a time as we get through with these high-costing experiments? 
At least, it was indicated that $8 million has been spent in the last 
several years on trying to reach a solution to this problem. 

Before you start to base your arguments on monopolistic practices, 
I should think you would wait. In fact, as far as I can see now, the 
Corps of Engineers and the Department of the Air Force say they 
have spent $8 million in experiments that they are now conduct- 
ing to try to reach a solution that will permit the flexibility pavement 
to come into the picture. 

Mr. Rivers. I think, though—I would like the record to be straight, 
though. I think the witness did show—you will have to give the 
witness credit—or he stated in the face of a competitive bid he was 
ruled out and that it wasn’t economical to have it ruled out. That 
was one of his contentions, whereas, in your statement 

Mr. Bucuanan. Yes, sir. 

Mr. Rivers. I believe it was in the Northwest, somewhere 

Mr. Bucuanan. Mr. Chairman, I might make this comment, too. 
If we might be permitted to finish our statement, which is in two 
parts—the second part by Mr. Wellborn—I believe some of the com- 
ments made by Mr. Gavin will be answered. 

Mr. Rivers. We are going to meet—Mr. Hébert has gone now to 
get permission for the subcommittee to sit at 2 o’clock. I think it is 
the desire of the group here to adjourn at 12. We have to be on the 
floor for a time. Has anyone oe questions of Mr. Buchanan? 


Mr. Connincuam. I have, but I would rather defer them, because 
we don’t have time, Mr. Chairman. 


Mr. Rivers. You can be back at 2, Mr. Buchanan ? 
Mr. Bucuanan. Yes, sir. 
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Mr. Rivers. Mr. Hébert has asked that we adjourn at 12. He is 


going to get permission to sit at 2. I think I can state we will be 
ack here at 2 o’clock. Mr. Courtney ? 


Mr. Courtney. That is my understanding. 
Mr. Rivers. That is my understanding, too. So the committee will 
stand in recess until 2 o’clock. 


(At 11:58 a. m., the committee adjourned, to reconvene at 2 p. m. 
of the same day.) 


AFTERNOON SESSION 


The subcommittee reconvened at 2 p. m., Hon. F. Edward Hébert, 
chairman of the subcommittee, presiding with the following mem- 
bers present: Mr. Hess, Mr. Gavin, Mr. Rivers, Mr. Cunningham, 
and Mr. Miller. 

Mr. Héserr. The committee will be in order. Mr. Courtney. 

Mr. Courrnry. Mr. Wellborn was about—I think you had con- 
cluded with the questions, Mr. Chairman. 

Mr. Hésert. Yes. I wasn’t here. Mr. Rivers was presiding and 
he told me so. 

Mr. Courrney. Mr. Wellborn had just started his statement, Mr. 
Chairman. 

Mr. Hépserr. All right, Mr. Wellborn, continue. 

Mr. Wetirorn. Mr. Chairman and members of the subcommittee, 
my name is Arvin 8. Wellborn, and I am chief engineer of the As- 
phalt Institute. I appeared before most of the members of this sub- 
committee at a hearing on airfield pavements in February 1954 and 
I appreciate the opportunity to present information again to this 
group. 

I am going to speak briefly and to the point with reference to the 
bound exhibit material which you gentlemen have before you. It 
covers a broad range of subjects pertinent to this hearing and I will 
touch only on the highlights which may assist you in evaluating the 
distinctive features of asphalt paving. 

Mr. Chairman, I would appreciate the inclusion of these exhibits 
in the record. 

Mr. Hénerr. We will make them as part of the record. 

Mr. Foco. Yes, sir. Without reading that, he wanted to make that 
part of the record. 

Mr. Hénert. Yes, without objection. 

Mr. Courrney. Mr. Chairman, one reservation with reference to 
the record. It is impossible to reproduce at the Government Print- 
ing Office the photographs. 

Mr. Wetiporn. Oh. 

Mr. Courrney. So with that one reservation, since we can’t repro- 
duce them. 

Mr. Wettporn. I understand, Mr. Courtney. 

(The exhibits above referred to are as follows :) 


Facts SHow ASPHALT CAN TAKE IT 


By National Bituminous Concrete Association, Inc. 


JUNE 17, 1957. 
This outline highlights the facts leading up to and including the banning of 


asphalt concrete from competitive military paving contracts beginning Decem- 
ber 20, 1955. 
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Since then, overexpenditures, preferential use of one paving material and the 
alienation of the asphalt industry have been the result. 

These developments, in the light of asphalt concrete’s serviceability, durabil- 
ity, and economy at approximately half of the Air Force, Navy, and Marine 
Corps bases, are documented in a 150-page presentation, entitled “Facts Show 
Asphalt Can Take It.” 

It has been prepared with the hope that it will be of convenience to the Com- 
mittee on Armed Services in becoming acquainted with difficult-to-obtain facts. 


H. K. Grrrrira, 
Ezecutive Director, NBCA, Inc., Washington, D.C. 


Our Government is being subjected to excessive expenditures because of the 
Air Force’s preference for luxury pavements of portland cement concrete. 

They cost more but are no better than asphalt concrete pavements. 

Since the Air Force kicked asphalt concrete off the field 144 years ago (Decem- 
ber 20, 1955) the taxpayers have been out $26 million (estimated). 

At just 8 Air Force bases, an extra $6,830,081 was spent : 

$2,964,401 extra at Dow Air Force Base, Maine, resulted from a change 
to portland cement concrete, after the asphalt concrete contract was awarded 
and the asphalt paving plant had already been set up. 

$474,878 extra at Grand Forks Air Force Base, N. Dak., and $324,270 extra 
(estimated) at Alexandria Air Force Base, Alexandria, La., when portland 
cement concrete was substituted for an asphalt concrete contract. 

2,500,000 extra (estimated) at Sheppard Air Force Base, Tex., was spent 

because asphalt concrete competition was eliminated. 

$130,000 extra (estimated) was spent at Davis Air Force Base, Okla., 
for the same reason. 

$436,532 extra was spent because the Air Force changed its mind at 3 
bases (George Air Force Base, Calif.; David-Monthan Air Force Base, 
Ariz.; and Geiger Air Force Base, Wash.), and withdrew asphalt com- 
petitive options. 

It is now too late to save $2,630,000 at Sheppard and Davis Air Force Bases, 
even though this economy was Called to the attention of the Air Force and the 
Corps of Engineers. The reason? Asphalt wasn’t allowed to compete. 

It has been conclusively established that asphalt concrete pavements are sound 
both from engineering and economy standpoints, by— 

Congress who appropriates the money to pay for them, the 
Air Force who uses them, and the 
Contractors who build them. 

Despite the Air Force’s agreement with Congress to allow asphalt concrete 
competition on paving contracts, a single Air Force decree virtually eliminated 
this material on technical grounds. No valid engineering reasons were ever 
disclosed. 

What has been the result? Overexpenditures, preferential use of one paving 
material, and the alienation of the asphalt industry which is vital to our defense 
and economy. 


Summing up, here are some of the things in store for us under the Air Force’s 
present one-material paving policy : 

$28 million extra (estimated) will go into luxury pavements from now 
until 1960. 

One material (portland cement concrete) will continue its complete hold 
on our military paving contracts. 

Costs for all pavements will spiral. 

Construction and repair time on Air Force pavements will be needlessly 
prolonged—since portland cement concrete requires an extended amount of 
building time. 

Through future disuse, the asphalt industry will lose its military con- 
struction know-how. The result? In the event of an emergency, it won’t 
be possible to build Air Force bases fast, as asphalt contractors did during 
World War II. 

The exclusive use of portland cement concrete has shown itself responsible 
for overexpenditures. 

Before this policy eliminated free competition, asphalt concrete’s economy was 
conclusively established. The proof—asphalt concrete was awarded contracts 
for half of our military pavements, while conforming to the rigid specifications of 
the Corps of Engineers and Air Force installations engineers. 
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General Washbourne said at the 1954 hearings that: “* * * the price of all 
paving would go up,” if asphalt concrete were eliminated. Yet he banned asphalt 
concrete less than 2 years after (January 20, 1956). Simply by extending the 
noncritical areas on military airfields, asphalt concrete’s use was practically 
eliminated, by one Air Force decree. But on the record, its official paving policy 
remains unchanged. 

The Air Force’s reasons for banning asphalt are rather vague. The Air Force 
claims that its needs have not been properly met by this material, and cites com- 
plaints. Independent engineering investigations do not concur. These are ex- 
amined on pages 8 to 13. 

During the past 1% years, the Air Force’s paving policy has been full of con- 
tradictions. Asphalt has been banned from primary runways and taxiways. 

The Air Force has damned asphalt, but, at the same time, asphalt is used, 
O. K.’d, and paid for by the Air Force. 

But that’s not all. 

The Air Force is building more asphalt pavements, the very kind it has banned. 
One example is shown at a Strategic Air Command base in Columbus, Miss., 
where a 10,000-foot asphalt concrete runway is now under construction. 

And here are more Air Force contradictions : 

Strategic Air Command Commander, Gen. Curtis E. LeMay said (as quoted by 
Newsweek, January 7, 1957): “* * * We have only two bases which can handle 
B-52’s—at Merced, Calif., and at Limestone, Maine.” Both of these fields have 
asphalt pavements. 

Maj. Gen. L. B. Washbourne (Assistant Chief of Staff, Installations, United 
States Air Force, February 1956) said: “* * * contractors, by and large, do not 
produce laboratory-type blacktop pavements on our bases.” 

He implied that there aren’t enough contractors who can build the laboratory- 
type of material which the Air Force requires. Yet, half of our military pave- 
ments are of asphalt concrete and continue to serve under heavy operating 
conditions. 

Perhaps General Washbourne can explain who built these pavements which the 
Air Force accepted and paid for, and which our aircraft are now using? 

If asphalt isn’t serviceable, why is it accepted by the Air Force’s installations 
engineers? Isn’t someone—either General Washbourne, who flatly condemns 
all asphalt, or the Air Force’s installations engineers who approve it—very 
wrong? 

Congress, the Air Force, contractors and engineers have acknowledged as- 
phalt’s suitability for military paving, based on the material’s performance. 
Here are a few examples: 

The 83d Congress said (at the 1954 Hess hearings): “* * * the Air Force 
verified that there is not adequate engineering support to justify paying a 5-per- 
cent premium for concrete airstrip paving over asphalt pavement in noncritical 
areas on airfields. The same conclusion was reached by the subcommittee.” 

United States Air Force pavement engineer, P. T. Sutton (Air Proving Ground 
Command, Eglin Air Force Base, Fla., at the Pavements Maintenance Conference 
May 1956): “* * * As far as I have ever seen, asphalt concrete pavements, 
subjected to moving traffic only, have held up excellently except in a few cases 
of improper design or where proper control was not exercised during construc- 
tion. Damage to asphalt concrete runways from jet blast effect or fuel spillage 
is only slight.” 

Paving contractor, Horace S. Kerr, said (vice president of the H. B. Zachry 
Co., builders of military pavements, May 1957): “* * * Our inspection of the 
asphalt concrete pavements which we placed on runway extensions and taxi- 
ways at Bergstrom AFB, Tex., reveals that they are in perfect condition 
after 4 years of service with practically all types of military aircraft. These 
aircraft have used the field extensively: B—47’s, B-36’s, F—84F’s, F-24G’s and 
KB-29 tankers. There are some indications of fuel spillage but the asphalt 
concrete shows no sign of deterioration or distress from it. There is no indica- 
tion of surface maintenance having been required on this pavement.” 

Asphalt concrete’s performance at scores of Air Force bases indicates its sery- 
iceability and durability. 

Twice as much asphalt paving as portland cement concrete was used on run- 
ways and an equal amount on taxiways, at 88 major Air Force bases in the 
United States, according to figures that General Washbourne gave this committee 
in 1954. This included critical areas. 
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Today, 3 years inter, these aalenene are still s Serving catitetacli on run- 
ways and in critical areas. The Air Force’s fear in 1954 that asphalt pavements 
would suffer extensive damage from jet blast and fuel spillage has failed to 
materialize. 

Contractors and consulting engineers have verified asphalt’s serviceability on 
a recent inspection of nine SAC Air Force bases and municipal fields. Fields 
visited included: Dow, Loring, Pinecastle, Homestead, Lockbourne, Altus, 
Tinker, Kelly and Bergstrom Air ¥Yorce Bases. 

Three Air Force complaints: The Air Force’s complaints about asphalt are 
the reasons given for banning this material for pavements. The complaints fall 
into three categories: I. Pavement failures; II. uneven surfaces; III. loose 
particles. 

Let’s examine the facts: 

Air Force complaint No. 1: 


“ PAVEMENT FAILURES FROM ALL CASES 


Every alleged asphalt failure was traced to other factors. 
Investigating groups included the Air Force itself, the Corps of Engineers, the 
Highway Research Board, the Asphalt Institute, and consulting engineers. 
Yes, there were difficulties—but from other causes. The fault was traced to: 
Poor design ; 
Poor construction ; 
Poor maintenance; and 
Poor coordination between aircraft research and design; and pavement 
construction. 


Just to mention a few opinions of the Air Force’s and the corps’ experts: 

United States Air Force Pavement Engineer P. T. Sutton said (Air Proving 
Ground Command, Eglin AFB, Fla., at the pavements maintenance conference, 
May 1956): “* * * Damage to asphalt concrete runways from jet blast effect 
or fuel spillage is only slight. The few cases of rutting of bituminous (asphalt) 
concrete pavements in the channelized area from bicycle type landing gear, along 
with some surface flushing which has occurred, are the exceptions which can be 
eliminated by the proper design mix and good control and inspection during 
construction.” 

Corps of Engineers W. J. Turnbull (Chief, Soils Division, Waterways Experi- 
ment Station, Vicksburg, Miss., at NBCA’s second convention, February 1957) 
said: “* * * In the case of the several fields listed (March, Pinecastle, Altus, and 
Davis-Monthan AF Bases), with flexible (asphalt concrete) pavements which 
have been giving trouble as a result of channelized traffic of B-47 aircraft, no 
trouble with the asphalt concrete has developed except in one instance where the 
latter did not meet design requirements.” 

Air Force complaint No. 2. 


UNEVEN PAVEMENT SURFACES 


Bouncing (porpoising) of aircraft has been blamed entirely on asphalt pave- 
ments by the Air Force. Investigation has revealed that this also happens on 
portland cement concrete pavements. 

The Air Force proposed to eliminate this bouncing, so dangerous to crews and 
planes, by specifying “absolutely smooth pavements.” These requirements were 
met by asphalt contractors. Then suddenly, on March 13, 1957, the Air Force 
relaxed its requirements. 

Why? 

Isn’t bouncing dangerous any more? 

The Corps of Engineers, South Pacific Division, conducted a grade control 
conference in San Francisco, Calif., on January 25, 1956, to deal with this prob- 
lem. Attended by the Corps, the Air Force, the Asphalt Institute, and leading 
engineers and contractors, the problem and possible remedies were discussed. 
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It was clearly indicated that aircraft bounced on all pavements, and that many 
factors are involved in addition to pavements. 
Air Force complaint No, 3: 


LOOSE PARTICLES FROM BROKEN PAVEMENTS 


Jet engine damage from loose particles has been blamed entirely by the Air 
Force on asphalt pavements. 

_ The recent Department of Air Force appropriations hearings’ indicate that 
damaged Portland cement concrete pavements are responsible in a large measure 
for jet engine damage. 

Col. H. R. Page (Chief, Equipment Programs Division, Director of Materiel 
Programs, United States Air Force, May 1957) said: “* * * In regard to a re- 
lated item, a recent study covering a 22-month period indicates that a total of 
5,981 jet engines were removed for foreign object damage reasons. The esti- 
mated repair costs on these engines were $32.3 millions. The runway sweepers 
provided for in this estimate play an essential part in protecting our jet aircraft 
engines against this type of damage.” 

Hon. G. A. Mahon (Chairman, Subcommittee on Appropriations, May, 1957) 
asked: ‘“* * * If the runways were perfectly clean and there were none of these 
objects on the runways, do you mean we would probably have saved $30 million?” 

Col. H. R. Page said: “* * * Yes; to the extent that we can identify the 
foreign objects—these objects that we believe were picked up from the pavement. 
By far the majority are nuts, bolts, small pieces of gravel, chips of concrete, and 
things of that kind that were sucked up by the air intake of the engine.” [Edi- 
tor’s italic.] 

Talking about the lack of adequate maintenance at many Air Force Bases, 

Col. B. L. Neal (Chairman, Operational Bases Panel, Director of Opera- 
tions, United States Air Force, May 1957) said: “* * * We have a listing 
of major repair projects by base which represent known requirements at this 
time. Only those projects of highest priority will be accomplished. 

For example, the listing includes projects such as those for the repair of air- 
craft parking aprons and taxiways at Kinross Air Force Base. 

This base is the home of a squadron of fighter-interceptor aircraft, with part 
of the squadron being in a 5-minute alert status. The danger of an interceptor 
taxiing out for an interception mission is extremely critical because of large areas 
of broken and chipped concrete. 

To eliminate the possibility of aborting a mission, it is essential that 170,000 
square yards of taxiways and aprons be overlaid at an estimated cost of 
$766,000.” 

The National Advisory Committee for Aeronautics found that loose particles 
from portland cement concrete pavements were sucked into jet planes more readily 
than from asphalt pavements. These findings, based on research, revealed that 
particles lodged in Portland cement concrete joints are blasted up—as high as 
8 feet and sucked into jet engines. Particles move sideways on smooth asphalt 
surfaces, and not up. 

These are the facts on the Air Force’s complaint based on operational experi- 
ence. 

There is one more. It is an engineering test, which ended up as a marathon and 
attracted a great deal of attention about a year ago. 

After banning asphalt (December 20, 1955) the Air Force proceeded to test it 
at Kelly Field, Tex. (May 5, 1956). 

Why was the Air Force so interested in testing asphalt 44%4 months after 
rejecting it? 

Asphalt’s inability to pass a theoretical test at Kelly Field doomed its future 
in military paving. Incidentally, this “not-good-enough” test strip has been 
serving as a connecting taxiway under actual traffic conditions for the past 
year. It is still in excellent condition. 

It was a “winner-take-all” decision. 

The test was made under conditions so severe, they could never be duplicated, 
even in part, under operating conditions. Here is what the contractor who built 
the pavement, has to say about this test. He is H. 8. Kerr, vice president of the 
H. B. Zachry Co. of San Antonio, Tex. “* * * It is my opinion that the severely 
accelerated, concentrated loads and methods of application to the test section do 


i“Damage to Jet Engines Due to Debris on Airfield Pavements.” Excerpts pertaining 
to Asphalt Concrete for Military Paving; pp. 346 and 347 of the recent hearings on 
Department of the Air Force appropriations for 1958, hearings before the Subcommittee 
on Appropriations, House of Representatives, 85th Cong., Ist sess. Subcommittee on 
Department of the Air Force Appropriations: George H. Mahon, Texas, chairman; Jamie 
L. Whitten, Mississippi; Errett p: Scrivner, Kansas; Samuel W. Crosby, executive secre- 
tary to the subcommittee. 
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not represent in any degree the type of normal aircraft traffic that will be applied 
to the runway pavement at any time during its years of service. The asphalt con- 
crete pavement as constructed on the Kelly Field runway will adequately serve 
any type of aircraft now in use. Also, the test loads were applied to a newly 
constructed pavement before it had seasoned and reached its full strength. 
This test strip is now satisfactorily serving aircraft operations. 

“An inspection of the asphalt concrete after a year’s usage reveals that the 
pavement is in excellent condition. 

A few simple calculations clearly show the impossibility of ever achieving in 
actual operations, the theoretical landings used at Kelly for the test. One esti- 
mate, by engineers who are aware of aircraft traffic at some of our busiest air- 
fields, reveals that it would take 30 months to duplicate the landings (cover- 
ages) applied at Kelly within a few weeks. Another calculation (assuming that 
there are 1,200 B-52’s and B-47’s) shows that the entire fleet of these aircraft 
would have to take off and land 2% times each day at every SAC base at the 
same time—to duplicate the test load conditions imposed on the Kelly test 
sections. 

At first glance it appeared that asphalt had not passed. But then the Corps 
of Engineers found it had overlooked two factors—it had agreed to too many 
coverages and had not used the right mixture for the test. So it tested again— 
with the same coverages but with the proper ingredients. This time, the asphalt 
stood firm—under the same conditions and number of passes as in the Kelly 
test. When the proper mix was used, it withstood the test. 

The Corps then advised the Air Force that its new formula had withstood 
the test. To everyone’s surprise the Air Force did not respond. 

Any material tested under the wrong conditions will show distress. And so 
will the taxpayers, if good engineering judgment is not used in establishing 
realistic needs. 

The Air Force knows that it can’t do completely without asphalt concrete in 
its paving program. This in part, explains the Air Force’s contradictory actions. 

General Washbourne has known that all pavements have difficulties, even 
when he publicly made asphalt the target of all his negative remarks. 

His own statement at the Pavements Maintenance Conference, May 27-31, 
1956, showed it: 

“* * * Only increased maintenance can make up for underdesign. You will 
be confronted with spalling, broken slabs, base failures, and similar problems 
for a long time to come.” 

But, feelings, rather than engineering facts or operational requirements seem 
to have determined the Air Force’s preference for portland cement concrete. 


THE AIR FORCE KNOWS THESE FACTS 


1. Asphalt concrete pavements are now in use at both military and civil air- 
ports, having satisfactorily served under all traffic conditions for over 25 years. 

2. Asphalt concrete runways built years ago are now handling much heavier 
traffic than originally designed for ; yet they are in A—1 condition. 

3. Asphalt concrete is widely and successfully used to strengthen and repair 
distressed portland cement concrete pavements. 

4. Asphalt concrete pavements are built fast by skilled contractors, and can 
be used immediately without tying up airport facilities for weeks. 

5. Asphalt concrete pavements are built to the Air Force’s exacting specifica- 
tions. In one case, at the Robins AFB, Augusta, Ga. 

“The asphalt checks to closer tolerances (14g inch in 16 feet) than the portland 
cement concrete ends,” according to Henry H. Claussen, president of the Claussen- 
Lawrence Construction Co., of the same city, builders of the runway. 

6. Asphalt concrete serves under all load and traffic conditions, even within 
many critical blast and fuel spillage areas. 

7. Asphalt concrete is being constantly improved. It lends itself to the use 
of local aggregates in 95 percent of paving contracts. Only asphalt—about 
5 percent of the total construction material—needs to be transported. 

8. Asphalt concrete does not break up into large fragments under bombing. 
Asphalt mixtures can be stocked in advance so that in an emergency, bombed 
areas can be immediately repaired. 

9. Asphalt concrete costs less than competitive methods of construction in 
almost all cases, although its qualities are at least equal to and in many cases 
superior to other types of paving. 

Cost comparisons of new, resurfaced and repaired pavements at many Air 
Force bases show clearly that asphalt concrete costs less than portland cement 
concrete, frequently half as much. These are shown on the following five pages. 


tt 
5 


AIRSTRIP’ PAVING MATERIALS 


os “S$ 
(1S araearsne sania emer ee nae 


0s °9$ 


o€ “e$ 
92 $s ee 


92 *e$ 
$0 "ls came a a neem 


FI 21 ot 8 9 ? z o$ 
(SUVTTIOd) “GA “OS Yad LSOD LINANAAVd 








eeee *"e11xK" %SS 





‘e+ + Sama YEO 





+99" Sia 409 





eocoe erg %98 





erixg %0S 


ZLAYONOD 
LINIWNIS GNVILYOd 
WO LSOD V¥LXxXa 





23019u05 Weydsy 
eee eee enee *(u00) 93019005 wWeurey puetiz0g 


(€ “39m ‘429d -*D “F) ‘ALNG LHDIT 
OChT aATAM PAITATWLE SUC MICTT IAT T ar 
9S61 “AGIND ONIDIUd AVSN “ACIMNOILVYN 


03029005 aeydsy 
eee eeeeeeee (uld 939029U05 WeUley pueiiI0g 
(€ "jeu *42eq °D *“g) ‘ALONG AAVGH 


——— SE Eee 
9661 “ACIND ONIOId AVSN “SCIMNOILYN 


eje19u05 Weqdsy 
tree eereeeeeeess gg25005 JUSUIED pUETIZ0g 
(Z "30m ‘M2eg °D °S) ‘ALNG LHDIT 
—S = 
¥S6I - €S61 “ACIMNOILYN 


e3e19005 3eydsy 
Cees ewes eeeeees *930219U05 qyueursy pUueiizog 


(Z "39m *¥9ed °D *a) ‘ALNG AAVGH 
ENTE OS 
¥S6I - €S61 “ASCIMNOILVYN 

seeccerccces ters eae queues pueiiszodg 
(1 ‘jeu ‘aoweW 


“IH *u “Wen ‘S12q) ‘SINAWAAVd TIV 
SSS 
261 “SJCIMNOILYN 


SAdAL LNAWGAAVd 
aSv@ ZouoOd UV 





ONIAVd AUVIITIN YOR ATLAUYDNOD L'IVHdSV “SA ALAYONOD LNAWAD GNVILYOd 


NOILOINULSNOD MAN JO SNOSTYUVAUWOD LSOD 


nse i na ern 





(ue ) a3020U05 3 eqdsy 
‘XVMIXVL SSOUD 

(ub ) eje19U05 3 eYydsy 
‘KVMIXVL NIV 


(ub ) 93019005 3 eYdey 
teoeeees Six $c eeeeeerere (uzd 23919U0H Wewesd pueljs0g 


(@9ZITANNVH9-NON) AVANNY 


(ut) e3e19U05D WeYGdsy 
corres * Bax BEET tereeeerers er) g3az9u05 JeUrey puBtiiog 
(9 "32H “*OD “38U0D 


9 *8uq 4345) ‘NOILOGS GAZITANNVHD 
i ee ee ee 
SS6I ‘VGINOTA “AaV NIDTA 


aje1ou0y Weydsy 
rereeeerIx”g BORT ***93219U05 Weulsay pueljiog 


(g "39m ‘seqoeumnyos *G) -ALNG AAVGH 
¥S6l - IS61 “VaTHOTA ‘Gav AVALSAWOH 


e3e29uU045 ieGqdsy 
sre ee*BezaxT Sg 93919U05 WWeuwsy putiiz0og 
(py “yeu *Aezn *a) ‘ALN AAWGH 
$S6I-I1S6I ‘MHOA MAN ‘G4V OUNGSLLIVId 


3 
© 
Gq 
a 
as 
A 
= 
a 
re 
< 


a@LIYDNOD SGdAL LNIWZAVd 
INIWGIS INWILYOd aSVq@ ZADNOT wiv 
(SUYVTITOd) “GA “OS Yad LSOD LNAWFAVd wou LSOD VULXA 


ONIAVd AUVITIIN HOF ALAUYONOD LIVHdSV "SA ALAYANOD LNAWAD GNVILYOd 


NOILOINUYLSNOD MAN JO SNOSIUVUNOD LSOD 








o> 
3 
N 


CFCS 





_ 78 °2$ 


(ence mameromn wm ee 





(*a®) 09°E$ 





(*4®) 98 *9$ 


eI ZI ol 8 9 + 2 o$¢ 


ATRSTRIP PAVING MATERIALS 





(SUVTTIOd) “GA “OS Hdd LSOD LNAWFAVd 


tee erereereeereeeeeesserees virit . 1 79r2NOD JUOWIED pULTIZIOg 


(8 "Jey ‘uoszepuy *y *vY) ‘ALNG LHDIT 
ey pa 
9S61 *“HOIN 


‘SNANZ19 “LW “G4V ZOCIUATAS 


(ub ne ub) 913919005 yequdey 
seeeeeees wre Beg °°" 8 *(*AB) (ET) 03029N0D WeureD pueiiiog 





ss6l ‘ALNG AAVGH 
“WT ‘VIMGNVXZTV ‘G4V VIMGNVXZ'IV 


(ut) 93019u05 WeYdsy 
(9) @je159u05 3eYdsy 


(*ae) nZl 93929U0D yueUIey pueijI0g 
eeeeeeeee erIyx” 606 ve ee eeee ull 2301905 queue pueiiz0g 





(2 *3eu ‘z04"q “V “S) -ALNG AAVAH 
Is6l ‘OIHO ‘€4a4V SNYNOGNIOT 


GLAYDNOD SAdAL LNAIWAAVd 
INZWZIS GNVILYOd 3Svq@ ZDuOd uv 
wot LSOD VULXT 


ONIAVd AUVLIITIN HOA ALAAXONOD LIVHdSV "SA ALAYDNOD LNAWAD GNVTLYOd 


ONIDVANNSAY AO NOSIUVGWOD LSOD 


ail 


AIRSTRIP PAVING MATERIALS 


v2 "I$ -—— e3e19005 WeYdsy 
(ol "394 

‘90D °H #212845) ‘ALNdG AAVGH 

9961 “VOIHO TA “G4V ZILSVOANId 








@je12U05 WeYdsy 
Freee ee eeeseereresereeeeesereserese es egIgI5UO) FUGUE) PUBTIIOg 
(6 "394 
‘rap ‘hetmozd “ag “T) ‘ALNG LHDIT 
IE oe ore eed 
9861 “OdV¥OTOD ‘G4V AGIA NIVINNOW 


00 "+$ 
CoG meee RR RRR ASR RS: 


ZI i 8 9 ¥ z o¢ @LAYONOD SIdAL LININIAVA 
INZWZS GNVILYOd G@Sva@ Z5uod Ulv 
wos LSOD VULXA 


vt 








(SUVTTOG) “Gk “OS Wad LSOD ININGAVd 





ONIAVd AUVLIITIN WHOS ALAYONOD LIVHASV ‘SA ALAZYONOD INAWAS UNV TLYOd 


SulVdau JO SNOSIUVANOD LSOD 





AIRSTRIP PAVING MATERIALS 2041 


REFERENCES FOR COST COMPARISON CHARTS 


1. Brig. Gen, R. E. L, Eaton’s letter of September 2, 1952 to the Honorable 
Carl Vinson. 

2. Earle C. Peck, supervising civil engineer, Headquarters, Technical Train- 
ing Air Force, presented a paper, “Pavement Problems of Air Training Com- 
mand,” at the Pavements Maintenance Conference May 28, 1956 at Colorado 
Springs, Colo. His paper dealt with military airfield pavement contracts for 
the May 1, 1953, to June 30, 1954 period. The information was obtained from 
the August 1955 Department of Defense special report entitled ‘Effects of Mili- 
tary Aircraft on Airfield Pavements.” 

3. Earle C. Peck’s reference to the USAF Pricing Guide at the Pavements 
Maintenance Conference. 

4. Bernard Gray, the Asphalt Institute’s former president, presented price 
comparisons between new portland cement concrete and asphalt concrete con- 
struction for the Plattsburgh AFB, N. Y., 1951-54, before the Hess committee 
(Feb. 3-8, 1954). 

5. Byron Schumacher, chief engineer of the Asphalt Paving Co., Coral Gables, 
Fla. Cost comparisons between new portland cement concrete and asphalt con- 
crete construction at Homestead AFB, Dade County, Fla. 

6. Smith Engineering & Construction Co., Pensacola, Fla. 

7. Scott A. Baker, executive secretary of the Michigan Asphalt Paving Asso- 
ciation, Inc., on his May 14, 1957 inspection of the Lockbourne AFB, Ohio, 
obtained this cost information for pavement resurfacing and strengthening car- 
ried out during 1951. 

8. A. A, Anderson, chief highway consultant, Portland Cement Association, 
presented the May, 1956, resurfacing costs of the Selfridge AFB, Mt. Clemens, 
Mich., at the Pavements Maintenance Conference. 

9. Leslie B. Crowley, Jr., Chief, Pavements and Railroads Section, Maintenance 
Division; Assistant Chief of Staff, Installations Headquarters, USAF, presented 
a paper entitled “Engineering Supervision of a Scheduled and Systematized 
Program for Maintenance and Repair of Pavements,” at the Pavements Main- 
tenance Conference. Repair costs of Mountain View AFB, Colo., were included. 

10. Charles E. Cobb, president, Jackson Construction Co., Jacksonville, Fla. 


EXHIBIT MATERIAL FROM THE ASPHALT INSTITUTE 


(Presented for the information of the Subcommittee on Special Investigations 
of the Committee on Armed Services, United States House of Representatives, 
May 13, 1957) 

ExHisitT A 


Tue ASPHALT INSTITUTE CHRONOLOGY OF EVENTS DATING FRoM Fresrvary 1954 
HEARING 


On July 9, 1954, 5 months after the conclusion of the hearing on airstrip 
paving policy before the Subcommittee on Defense Activities of the House Armed 
Services Committee, Chief Engineer Arvin 8. Wellborn of the Asphalt Institute, 
addressed a letter to the Honorable William B. Hess, subcommittee chairman, 
advising him that the Air Force was maintaining in effect the 5-percent cost 
differential favorable to concrete paving! 

An exchange of correspondence followed between the chairman of the sub- 
committee and Air Force officials which culminated with this letter, dated August 
16, 1954, from Mr. John M. Ferry, Special Assistant for Installations, United 
States Air Force, to Mr. Hess: 

DEPARTMENT OF THE AIR FOrcE, 


Washington, August 16, 1954. 
Hon. WILLIAM B. HEss, 


Chairman, Subcommittee on Defense Activities, 
Committee on Armed Services, 
House of Representatives. 


Dear Mr. CHAIRMAN: On July 30, 1954, in answer to inquiry from you con- 
cerning the Air Force’s continued use of a 5-percent differential in favor of 
concrete versus asphalt as an airstrip paving material, I informed you we would 
complete a reevaluation of this paving subject during the month of August. 

This is to inform you that we have completed a review of all available in- 
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formation from the field which has a bearing on the subject. While we are 
completely convinced that 100-percent concrete paving has a definite advantage 
as compared to a combination of concrete in the critical areas and asphalt in 
the noncritical areas, we have been unable to collect adequate engineering backup, 
as reflected by maintenance costs, to substantiate this view. It is apparent the 
problem does not lend itself to a simple conclusive solution based on the facts 
secured by this short-term study. We have, therefore, suspended premium pay- 
ments for cement concrete in noncritical runway airfield areas. Instructions 
are being prepared for issuance to all Air Force and Corps of Engineers person- 
nel concerned. The existing provisions specifying concrete in critical areas and 
the alternative bid schedules will remain in force until further notice. 

It is my understanding that this action is in accordance with the views of your 


committee which held hearings and secured information from many interested 
sources. 


Sincerely yours, 
JOHN M. Ferry, 
Special Assistant for Installations. 


Meanwhile, at the invitation of the Department of Defense, a special task 
force committee of paving specialists under the direction of the highway research 
board of the National Research Council of the National Academy of Sciences 
conducted a survey of 27 military airbases during the latter part of 1954 to 
determine the effects of military aircraft on airfield pavements. In February 
of 1955, the committee filed its report which concluded : 

“Differences in costs of the two principal types of pavement are not so great 
that initial cost or maintenance cost should determine selection of pavement 
type for critical areas exposed to repeated fuel spillage or heat and blast from 
jet engines. On the other hand, the differential in construction costs of the two 
types of pavement is frequently sufficiently great to justify the use of the less 
costly type in those noncritical areas where it is adequate and satisfactory.” 

Thus, the findings of your committee in open hearing were substantiated by 
a group of competent and expert investigators whose special knowledge was 
solicited by the Defense Department. Yet, less than 3 months later, on May 2, 
1955, we find a ranking Defense Department official proposing to crowd flexible 
pavements off all primary taxiways by an exercise in semantics. He would 
broaden the interpretation of the phrase “critical areas” to include all primary 
taxiways. Reference is made in the following memorandum: 


ASSISTANT SECRETARY OF DEFENSE, 


Washington, D. C., June 28, 1955. 
Properties and installations. 


Memorandum for the Secretary of the Air Force. 
Subject: Change in designation of critical areas for airfield pavements. 
The proposal made by Mr. Ferry in his memorandum of May 2, 1955, that 
primary taxiways at multipurpose use air installations be constructed solely of 
rigid-type pavement is concurred in on an interim basis for the fiscal year 1956 
program pending completion of tests on flexible pavements. 
It is assumed that an adequate accelerated test program will be authorized 
without delay in order that necessary design data may be established for the 
use of flexible pavements under concentrated channelized aircraft traffic. 


FRANKLIN G. FLOETE. 
Copy furnished : Secretary of the Navy. 


On the same date. the following memorandum was issued by the office of Col. 
Robert R. Conner, Director of Construction : 


DEPARTMENT OF THE Ark FORCE, 
HEADQUARTERS, UNITED STATES AIR FORCE, 
Washington, D. C. 

Memorandum for Chief of Engineers, Department of the Army, Washington, 

I>. C., Attention: Enger. 
Subject: Design of primary taxiways at multipurpose use Air Force installations. 

1. In consonance with the attached copy of memorandum from the Assistant 
Secretary of Defense dated June 28, 1955, it is requested that primary taxiways at 
multipurpose use installations be constructed solely of rigid pavement. This 
change in criteria will apply to the fiscal year 1956 MCP only, including Grand 
Forks Air Force Base and the Traverse City project, regardless of status of 
design. 
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2. Subject taxiways will be designed according to the thickened center section 
concept as requested in our letter dated April 27, 1955, subject, design of heavy 
load airfield pavements at Air Force installations, and implementing instructions 
recently issued by your office. 

3. 1t is proposed to hold a conference in this headquarters during the week of 
July 18, 1955, to develop procedures for the conduct of accelerated flexible pave- 
ment investigational program referred to in attached memorandum. It is 
requested that representatives of your office and the Flexible Pavement Labora- 
tory, WES, participate. Your office will be advised within the next few days 
as to the exact date and time of the conference. 

For the Chief of Staff: 

Rosert R. CONNER, 
Colonel, United States Air Force, Director of Construction, 
Assistant Chief of Staff, Installations. 


Subsequently, the following design criteria memorandum was issued to all 
division engineers of the Corps of Engineers, United States Army: 


DEPARTMENT OF THE ARMY, 
Corps OF ENGINEER, 
Washington, D. C., July 18, 1955. 
Subject: Design of primary taxiways at multipurpose use Air Force installations. 
To: Division Kngineers, Corps of Engineers, United States Army. 

1. Reference is made to OCE all-division letter dated June 15, 1955, subject: 
“Revision to design criteria for airfield pavements.” 

2. It is desired that primary taxiways at multipurpose use Air Force installa- 
tions be constructed solely of rigid pavement. This change in criteria will apply 
only to the fiscal year 1956 military construction program and will be imple- 
mented regardless of status of design. 

By command of Major General Sturgis: 

Pau P. TROXLER, 
Colonel, Corps of Engineers, 
Assistant for Engineering and Contracts, Military Construction. 


In the weeks that followed, the Asphalt Institute heard disquieting rumors 
from the field to the effect that increasingly larger noncritical pavement areas 
at Air Force bases were being established by criteria change as areas of cement 
concrete construction exclusively. Chief Engineer Weliborn addressed the follow- 
ing letter to Assistant Secretary of Defense F. G. Floete: 


THE ASPHALT INSTITUTE, 
College Park, Md., December 19, 1955. 
Hon. FRANKLIN G. FLOETE, 
Assistant Secretary of Defense, 
The Pentagon Building, Washington, D. C. 

My Dear Mr. SeEcretTARY: It was my privilege to serve as a liaison representa- 
tive on the Highway Research Board Special Committee on Effects of Military 
Aircraft on Airfield Pavements. This is the committee formed at your request 
by the National Academy of Sciences to perform field investigations and studies 
in order to make recommendations to the Department of Defense in establishing 
a sound policy on the construction and maintenance of pavements for military 
airfields. 

On April 1, 1955, a status report was submitted to you by Committee Chairman 
Ralph A. Moyer which ineluded tentative recommendations. The final report, 
which included the condition survey of airfield pavements, maintenance recom- 
mendations, findings and conclusions, was submitted to you under date of August 
1955. 

The Asphalt Institute concurred in most of these items as they substantiated 
our testimony and that of the United States Army Corps of Engineers in the 
February 1954 hearings before the Subcommittee on Defense Activities of the 
Committee on Armed Services, House of Representatives. 

In view of the above-referenced report, we assume present policy on airfield 
pavements will continue without substantial change. However, if there should 
be a special request to change the policy we would appreciate an opportunity to 
confer with you before the change is made effective. 

Very truly yours, 
ARVIN 8, WELLBORN, Chief Engineer. 


94407—57 
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Tothis communication Mr. Floete responded as follows : 


ASSISTANT SECRETARY OF DEFENSE, 
Washington, D. C., January 6, 1956. 
Re properties and installations. 

Dear Mr. WELLBORN: This is in reply to your letter dated December 19, 1955, 
concerning the Highway Research Board study on effects of military aircraft 
on airfield pavements and the Department of Defense policy for airfield pave- 
ments. 

The study and report have provided current information and data for consider- 
ation in the development of present Department of Defense policy. As you know, 
rigid-type airfield pavement has been specified as a requirement for critical areas 
for some time and either flexible-type or rigid-type airfield pavement for non- 
critical areas on the basis of lowest first cost. This is still the policy of the 
Department of Defense. 

From time to time, there have been, and probably will continue to be, adjust- 
ments made between critical and noncritical areas as determined necessary to 
meet operational requirements. Because it must maintain uninterrupted opera- 
tional readiness at certain bases within the United States, recently the Air Force 
has been permitted to consider certain primary runways and taxiways for prin- 
cipal combat and combat-support aircraft to be critical operational areas. Con- 
struction of rigid-type pavement in such critical operational areas will be per- 
mitted whenever necessary for sustained and capacity operation. No major 
modification in present policy is contemplated at this time. 

Although this office cannot be committed in advance to confer with persons 
outside the Government on matters of policy, we shall be pleased to reply to 
specific requests for information, as appropriate, or to discuss informally areas 
of mutual interest to the Government and the Asphalt Institute. 

Sincerely yours, 
FRANKLIN G. FLOETE. 


It will be noticed that this exchange of letters developed two points of special 
significance. It introduced, for the first time, the extension of the term “critical 
areas” to include runways as well as taxiways, and intimated strongly that fur- 
ther extensions of the term would be made at the convenience and discretion of 
the Air Force. Mr. Floete’s assurance that there had been no change in construc- 
tion policy had a hollow ring, particularly in the light of a memorandum, issued 
over his signature on December 20, 1955, presumably on the very day he received 
Mr. Wellborn’s letter of inquiry. 

DECEMBER 20, 1955. 
Memorandum for the Secretary of the Air Force 
Subject: Selection of airfield pavement types for Air Force construction. 


Reference is made to your memorandum dated October 28, 1955, requesting 
that discontinuance of use of bituminous airfield pavements for appurtenance 
construction—such as shoulders, runway overruns, and erosion control areas— 
be approved. 

Primary runways and primary taxiways for sustained and full capacity oper- 
ations of principal combat aircraft or principal combat support aircraft may be 
considered to be critical operational areas. 

Rigid-type airfield pavement may be provided in critical operational areas 
when necessary for required sustained and full capacity operations of principal 
combat or combat-support aircraft. 

When provision of only one kind of airfield paving is to be considered that 
kind of pavement is to be clearly identified and the identification is to be in- 
cluded and part of the name or description of each item affected. This identi- 
fication is to be continued through all phases of programing, authorization, 
funding, construction and reporting of each facility. 

For all other airfield pavements except as otherwise finally approved by this 
office, the provision of either flexible or rigid-type pavement will continue to be 
made on an economic basis by direct comparison of first cost. 


FRANKLIN G. FLOETE, 
Assistant Secretary of Defense Properties and Installations. 


Here we have, by arbitrary dictum, a rather drastic change of paving policy 
being enunciated by a responsible Defense Department official who, in the same 
communication, denies any policy change. One month after Mr. Floete’s reply 
to Mr. Wellborn, Maj. Gen. Lee B. Washbourne, Assistant Chief of Staff for 
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Installations, USAF, addressed a meeting of the Associated General Contractors 
in New York City and was widely reported in the press as declaring that all 
primary taxiways and active runways now must be built of cement concrete. 
He went one step further in offering, as the reason, that “concrete can take it 
and blacktop can’t.” 

During the same month of February 1956, General Washbourne appeared be- 
fore a subcommittee of the House Appropriations Committee and the following 
colloquy took place: 

“Mr. MAHON (chairman of the subcommittee). What kind of paving are you 
doing now as between asphalt and concrete? 

“General WASHBOURNE. We are essentially operating a portland cement con- 
crete pavement program, especially within the United States; not altogether con- 
crete but mostly concrete. 

“Mr. Manon. Have you any complaints from the producers of asphalt stating 
that asphalt could perform this function for less money and as well as cqn- 
crete? What is the situation from that standpoint? 

“General WASHBOURNE. For the past 3 years we have been developing this 
problem of how much we would have to go to concrete in order to sustain jet 
operations. As we go to concrete we would naturaily not use as much asphalt- 
type pavement as we have before, percentagewise. 

“The asphalt industry, the petroleum people generally, assert that asphalt 
pavements can be built to do the Air Force job, and they oppose an extension of 
the portland cement concrete criteria. 

“We very reluctantly have to disagree with them because we find increas- 
ingly that only concrete pavement will stand up under these jet operations, and 
we have since last fall had Secretary of Defense concurrence to build concrete 
taxiways and concrete primary runways in addition to the aprons and other 
things that have been concrete for some time past. 

“We will not go into that concrete program overnight because it is not prac- 
ticable to just stop everything and convert our designs to concrete, but the pave- 
ment that is in this program will largely be designed for concrete and built that 
way. 

“Mr. Manon. In other words, out of the $300 million, using a rough figure for 
paving, it would be—— 

“General WASHBOURNE. I would expect in excess of three-fourths of it would 
be concrete.” 

The Air Force moved swiftly to consolidate its position. On March 6, 1956, 
the following military construction bulletin was issued by the Chief of Engineers, 
Corps of Engineers, United States Army: 


“MILITARY CONSTRUCTION BULLETIN No. 56-52 
“Oriteria for selection of pavement type at Air Force installations 


“1. All previous correspondence pertaining to the selection of pavement type 
is rescinded. 

“2. The selection of pavement type will be based on the following criteria: 

“(a) ‘Primary use pavement’ at Air Force installations will normally be 
constructed of portland-cement concrete. 

“(b) ‘Primary use pavement’ is defined as follows: 

“(1) All paved areas on which aircraft are regularly parked, serviced, 
maintained, or preflight checked. ( 

“(2) All runways having adequate length, width, and approaches to 
permit sustained use by combat or combat-support aircraft. 

“(3) All taxiways connecting paved areas referenced in subparagraphs 
(1) and (2) above. 

“(c) Other airfield pavement will be constructed of either portland-cement 
concrete or an acceptable type of bituminous pavement, selection being based on 
low first cost. 

“(d) It is recognized that conditions will arise when construction with port- 
land-cement concrete may not be practicable or economically feasible. In these 
cases OCH, attention ENGER, and the AFIR will be advised concurrently. The 
letter will include estimate of savings affected by the use of flexible pavement 
and other pertinent data. 

“(e) Headquarters, United States Air Force, advises that all future actions 
on the part of the Air Force relating to programing, authorization, funding, con- 
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struction, and reporting will clearly state that the specific use of portland-cement 
pavement is intended where such is the case.” 

This construction bulletin went on at length to define heavy-load and light-load 
conditions with the explanation that “heavy-load design will be used for all air- 
field pavements at all Air Force installations” except under special conditions 
which virtually eliminated flexible paving from all active duty Air Force bases, 

The Air Force nailed it down with its installations engineering criteria- 
memorandum of May 25, 1956, No. 56-34 (100.1.2) which restated the earlier 
construction bulletin with no change in the language. Pavement policy had 
undergone a subst» itial change while remaining unchanged through the simple 
expedient of broadening the meaning of the term “critical areas” to encompass 
virtually every square yard of pavement on the airfield. 

In the meantime, the Air Force had supported its rapidly shifting construction 
policy position by citing pavement distress at several heavy-bomber bases. 
Alleged pavement failures under B—47 bomber traffic were reported at the follow- 
ing fields: Castle AFB and March AFB in California, Williams AFB and Davis- 
Monthan AFB in Arizona, Tinker AFB and Altus AFB in Oklahoma, and Pine- 
eastle AFB in Florida. With the permission of the Department of Defense, 
these bases were inspected by field engineers of the Asphalt Institute early in 
1956. 

Institute engineers found that only three of the bases showed any pave- 
ment distress that could not be corrected readily with normal maintenance 
measures. In every case, the severely distressed pavement could be attributed 
directly to faulty design and/or construction. On one base they found that the 
engineering fundamental of installing proper drainage had been largely neglected. 
On another, they found that areas showing distress had not been properly 
compacted during construction. The survey by institute engineers confirmed the 
findings of the Highway Research Board task force inspection team of 1955 which 
reported a serious neglect of routine maintenance at all Air Force bases. 

Meanwhile, it will be recalled that in his interim criteria memorandum of 
June 1955 approving exclusive concrete construction of primary taxiways, As- 
sistant Secretary of Defense Floete had declared, “It is assumed that an ade- 
quate accelerated test program will be authorized without delay in order that 
necessary design data may be established for the use of flexible pavements 
under concentrated channelized aircraft traffic.” This was to be a three-phase 
program including theoretical design, laboratory testing of the theoretical de- 
sign, and field construction under standard contract conditions. 

The first two phases of the program had demonstrated to the satisfaction of 
the engineers at the Flexible Pavements Branch, Waterways Experiment Sta- 
tion, United States Corps of Engineers at Vicksburg, Miss., that flexible pave- 
ments could perform the assignment given them by the Air Force. The third 
phase of the accelerated test program, commonly referred to as the Kelly test 
because the test pavement was constructed at Kelly AFB in Texas, was launched 
on May 5, 1956, and concluded on June 4. The flexible pavement test section 
was declared a failure at this point. A full discusion of this test and the curious 
circumstances under which it was conducted is contained in a supplementary 
exhibit (D). 

The misleading nature of the Kelly AFB pavement test was confirmed by 
the observation offered by Mr. W. J. Turnbull of the Waterways Experiment 
Station, Corps of Engineers, Vicksburg, Miss., June 13, 1956. Speaking at a 
conference on bituminous pavements at Vicksburg, Mr. Turnbull had this to 
Say about the distressed flexible test pavement at Kelly (extracted from the 
minutes of the conference) : 

“Mr. Turnbull states it was his personal opinion that the pavement on the 
Kelly test section was about one-half percent too rich with respect to accel- 
erated traffic but that it would make a good pavement for normal operations. 
He ealled attention to the fact that some of the airfield pavement in service 
had been subjected to up to 28,000 coverages of B-47 traffic without significant 
distress, whereas distress had occurred very much earlier on both the test 
section at Kelly and the test section at the Waterways Experiment Station. 
Exhibit 12 shows that all traffic was applied when pavement temperatures were 
90° F. or above. A significant portion of traffic was actually applied with pave- 
ment temperatures above 120° F. This exhibit also indicates that the rate of 
increase in density of both the surface course and wearing course increases 
rapidly with increased pavement temperatures. Normal traffic on actual airfields 
is distributed throughout the seasons and is not all applied with the pavement 
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temperatures as high as those observed at the Kelly test section. It was also 
suggested that the rate of application of the traffic may have to be considered 
in evaluating the results from a test section. * * *” 

This was the sober reflection of the engineer chiefly charged with the admin- 
istration of a pavement test on which the Air Force seized as justification for 
its restrictive policy. On June 25, 1956, Mr. Wellborn addressed the following 
letter to Secretary of Defense Charles E. Wilson: 


THE ASPHALT INSTITUTE, 
College Park, Md. 
My Dear Mr. Secretary: Under date of May 25, 1956, the Department of the 
Air Force issued an Installations Engineering Criteria Memorandum, No. 56-34 
(100.1.2), Subject: Airfield pavements—Selection of types, design, and alter- 
nate bid schedules. This memorandum, in effect, eliminates the use of asphalt 
pavement for all Air Force installations. 

This development apparently started with a memorandum for the Secretary 
of the Air Force, dated December 20, 1955, from Assistant Secretary of Defense, 
the Honorable Franklin G. Floete, which permitted certain airfield areas to be 
redesignated as critical and therefore to be surfaced with rigid pavement types. 

Elimination of flexible pavements from Air Force installations means the 
elimination of competition as well as a loss to the asphalt paving industry on 
the order of $100 million per year. 

We protest the above-cited actions as being unwarranted, unsound, and inimi- 
eal to the public interest, and respectfully request review and reconsideration 
of the criteria memorandum. 

ARVIN S. WELLBORN, 
Chief Engineer, the Asphalt Institute. 


Five weeks later, on August 2, 1956, Mr. Wellborn received the following reply : 


ASSISTANT SECRETARY OF DEFENSE, 
Washington, D. C. 

Dear Mr. WELLBORN: This is in reference to your letter of June 25 to the Sec- 
retary of Defense regarding the elimination of the use of asphalt pavement for 
all Air Force installations. 

The decision to use portland-cement concrete for primary runways and primary 
taxiways for sustained and full-capacity operation of principal combat aircraft 
and principal combat-support aircraft at Air Force installations was based on 
actual experience with pavements constructed during the past 6 years. Because 
of construction costs and other considerations, this decision was arrived at only 
after long study and careful investigation. 

Asphaltie concrete pavement is not eliminated or excluded, either by the 
currently published Department of Defense policy or by the Air Force implemen- 
tation of it. Millions of square yards of flexible-type pavement will continue to 
be used. For example, in the fiscal year 1957 military construction program 
currently planned by the Air Force, there are included over 4 million square 
yards of asphaltic concrete pavement for overruns, shoulder pavements, and 
blast pads alone. The amount does not include the secondary runways and 
taxiways for which other flexible or rigid type pavement will be provided on 
an economic basis by direct comparison of first costs. 

Airfield pavements for the direct support of Air Force combat missions within 
the continental United States must be ready and available at all times. Asphal- 
tic conerete on the primary runways and taxiways, when subjected to the very 
heavy wheel loads, high tire pressures, and the traffic patterns of current Air 
Force jet aircraft, has become unstable and has failed. Various surveys and 
tests already have been made. Your organization has been invited to assist and 
participate in further tests to determine whether an airfield paving with an 
asphaltic concrete surface can be designed which will meet the Air Force require- 
ments. At the present time, it appears that portland-cement concrete is the best 
material currently available of which hard, durable pavements with smooth 
surfaces and nearly uniform gradients can be designed and constructed with 
reasonable assurance that they can be maintained so as to meet satisfactorily 
the requirements for safe, efficient, and sustained full-capacity operation of 
modern high-density, high-speed military aircraft. 
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I hope that this information will serve to ¢larify the Air Force implementation 
of the current Department of Defense policy and to reaffirm the continued need 
of asphaltic concrete pavements at Air Force installations. 


Rospert A. McDONALD, 
Acting Assistant Secretary of Defense 
; (Properties and Installations). 

The Air Force was still maintaining the fiction of no change in paving policy, 
yet we can see how far and how fast the construction criteria had changed since 
policy was last enunciated at the 1954 congressional paving inquiry. Mr. 
MeDonald’s letter pointed up two significant developments: Use of “surveys and 
tests already * * * made” to support the policy change (meaning the Kelly test) 
and the assurance that flexible paving could still compete for shoulder areas and 
runway overruns. Now, let’s see how solid even that assurance is. In July of 
1956 Maj. Gen. Joe W. Kelly, Legislative Liaison Director for the Air Force, 
replied as follows to an inquiry from Senator Thye, of Minnesota : 

Dear SENATOR THYE: I refer to your recent request for information concern- 
ing the use of asphalt for runway pavements on Air Force installations. 

Pavement used in airfield construction must be highly stable and capable 
of enduring the loads placed upon it by jet aircraft. To withstand very heavy 
wheel loads and high pressures exerted by aircraft tires, runways, and taxiways 
must be constructed in strict conformance with rigid specifications. Parking 
aprons and other areas subjected to heat, blast, fuel spillage, and high con- 
centrations of traffic, must also be constructed in conformance with specifications 
necessary to insure their strength and suitability. 

Prior to December 20, 1955, the Air Force was constructing runways and 
taxiways either of asphalt or portland-cement concrete. On that date, however, 
the Secretary of Defense approved an Air Force request to specify the use of 
portland-cement concrete pavement on those runways and taxiways which would 
be subjected to sustained use by combat or combat-support aircraft. The request 
was predicated on adequately documented evidence that runways and tariways 
constructed of asphalt do not, and foreseeably cannot, adequately support combat 
and combat-support aircraft traffic. 

Programing and construction within the above-referenced approval authority 
does not necessarily mean that all future Air Force runways and taxiways will 
be constructed of portland-cement concrete. Asphalt may still be used for pave- 
ment construction of runways and taxiways not subjected to sustained use by 
combat and combat-support aircraft, and for runways and taxiway shoulders, 
runway overruns, and blast pads. Choice of pavement type will be made in each 
instance based on operational and engineering considerations rather than on the 
basis of low first cost, as had been required in the past * * *.” [Italic added. ] 


Jor W. KEtLty, 
Major General, USAF, 
Director, Legislative Liaison. 


Here again we find references to documented engineering support for a revo- 
lutionary change in Air Force paving policy. At the same time we learn that 
even the construction scraps that have been thrown to flexible paving in the 
way of shoulders, overrun areas, and secondary runways are tied to a barely 
visible string. General Kelly now clearly states that these subpavements may 
be paved with asphalt, but only at the discretion of the paving engineers. 

Meanwhile, the Corps of Engineers resumed test studies at the waterways 
experiment station, Vicksburg, employing the accelerated test traffic pattern of 
very heavy wheel loads at high tire pressures. Reference to these studies is 
contained in the comprehensive letter addressed to Chairman F. Edward Hébert, 
of your subcommittee, by Chief Engineer Wellborn on August 28, 1956. The 
letter follows: 

THe ASPHALT INSTITUTE, 
College Park, Md. 

My Dear Mr. Hésert: The Asphalt Institute for the past 8% months has 
conducted a comprehensive engineering survey and study of the military-airfield 
situation. We should now like to report our findings to you. 

First, we should like to review briefly the situation as it has occurred. Your 
subcommittee of the Committee on Armed Services held a public hearing in 
February 1954, where the airfield-paving situation was thoroughly reviewed. 
It was brought out in this hearing that the asphalt pavements reported by the 
Air Force to have failed had not been designed for the heavy aircraft that had 
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caused the distress. The hearing also disclosed that failures of portland-cement 
concrete pavements had occurred for the same reason: 

The conclusion reached by your subcommittee was that the properly designed 
and constructed flexible asphalt pavements were entirely satisfactory in areas 
where excessive fuel spillage and jet blast did not occur. Spillage and blast 
areas were accepted as being “critical” and were permitted to be constructed 
with portland-cement concrete exclusively. 

The Air Force was reluctant to accept the findings of the subcommittee and 
continued with the same criteria under which it had operated by awarding pave- 
ment contracts on a 5-percent differential in favor of portland-cement concrete. 
Your subcommittee took further action to discontinue this restrictive policy. 
The Air Force finally changed its pavement criteria as of May 20, 1954, with 
criteria then established continuing in effect until January 1956. 

Under date of December 20, 1955, the Office of the Secretary of Defense issued 
a memo to the Secretary of the Air Force permitting the Air Force to designate 
all “primary-use pavement” areas of its airfields as “critical” and to construct 
them with portland-cement concrete. Upon querying the Office of the Secretary 
of Defense as to the reason for this memorandum, we were referred to the Air 
Force. The Air Force stated that flexible asphalt pavements had failed wherever 
channelized traffic of the new B-—47 bombers was applied. It cited seven Air 
Force bases where such failures had occurred. 

The Asphalt Institute requested and was granted permission to inspect these 
fields. Our engineers made detailed inspections of the 7 airfields and reported 
that only 3 of them showed pavement distress which could not be corrected with 
normal maintenance procedures. Our engineers found that the severely dis- 
tressed asphalt pavement was in every case the result of faulty design and/or 
construction. They found that proper maintenance procedures were almost non- 
existent on most of the Air Force bases visited. They also found that the engi- 
neering fundamental of proper drainage had been largely neglected on one of 
the Air Force bases which showed severe pavement distress. On another base 
they found that areas showing distress had not been compacted during con- 
struction. 

The United States Corps of Engineers meanwhile took steps to substantiate 
their claim that flexible asphalt pavements could be designed and constructed 
to withstand any channelized traffic that present and future aircraft would 
impose. The corps proposed to construct a test section at Kelly Air Force Base, 
Tex., to prove that asphalt pavement could be constructed to withstand chan- 
nelized traffic. 

This test pavement was completed and put under accelerated traffic in May 
1956. After 9,000 coverages of accelerated traffic of 100,000-pound dual-wheel 
load the flexible pavement showed distress and was declared failed. 

The Asphalt Institute and the Corps of Engineers both recognize that the Kelly 
pavement contained an excess of asphalt for the extreme conditions of this par- 
ticular test. It is further recognized that this excess of asphalt was the prin- 
cipal reason for the failure. On the other hand, it is the consensus of qualified 
paving engineers that this pavement would have been satisfactory for B-47 and 
3-52 traffic applied in the normal manner. In addition, it was learned that 
approximately 1 percent of a so-called antistripping additive had been included 
in the asphalt used. The Asphalt Institute does not recommend the use of such 
additives in hot-mix asphalt pavements. 

The procedure for conducting the Kelly accelerated traffic test was to impose 
loads corresponding to those of the B-47 or B-52 approximately 500 times in a 
20-hour period. These loads were applied before the pavement had been per- 
mitted to cure sufficiently and when pavement temperatures were 90° F. or above. 
It was shown in the Kelly test that most of the applications were applied when 
the pavement temperature was above 120°. 

Normal traffic on airfields is staggered throughout the season, nor is all traffic 
applied when the pavement temperatures are as high as those observed on the 
Kelly test section. Prototype traffic of a normal airfield is about 500 applica- 
tions per month. 

Notr.—Data on B—47 traffic and pavement performance are listed in minutes 
of Conference on Bituminous Pavements, Corps of Engineers, United States 
Army, Waterways Experiment Station, June 13-14, 1956, pages 8 and 9. The 
tabulations are not repeated here pending clearance from Air Force through 
Office, Chief of Engineers. 

It is quite apparent that the Kelly test imposed conditions of much greater 
severity than normal traffic. 
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Despite the extreme severity of conditions for the Kelly Air Force Base test, 
it is our understanding that the Air Force instructed the Corps of Engineers to 
design and build a pavement by normal procedures. These normal procedures 
provide an asphalt pavement containing the maximum amount of asphalt which 
the mix will tolerate and yet not become unstable under the anticipated traffic. 
The asphalt content is intentionally placed as high as possible for a given condi- 
tion of service in order to provide maximum durability, flexibility, and pavement 
life. However, good asphalt pavement construction requires close control of 
asphalt content. Either too much or too little asphalt will lead to distress. 

Thus, for the Kelly test pavement recognition should have been given to the 
extreme conditions of the test and the paving mix design adjusted accordingly. 
The Corps of Engineers has ample evidence that the asphalt content of paving 
mixes must be decreased as conditions of heat and traffic loading become more 
severe. 

Upon invitation and for the purpose of cooperative effort, engineers of the 
Asphalt Institute and engineers of the institute’s technical committee on asphalt 
pavement design recently visited the flexible pavement branch of the United 
States Corps of Engineers, Vicksburg, Miss., and observed sections of asphalt 
pavement which had withstood without distress over 30,000 passes of the 100,000- 
pound dual-wheel load in accelerated traffic. They learned that such a pavement 
could be constructed with the use of aggregates and asphait obtainable almost 
anywhere in the United States. They also learned that asphalt pavements which 
had been constructed to withstand the loads of the B—47 were performing satis- 
faetorily on Air Force bases where the pavements were designed for such loads. 

We wish to emphasize that pavements properly constructed with asphalt, as 
well as with portland cement, whenever built to withstand the traffic imposed, 
have performed satisfactorily. We should also like to point out that failures of 
airfield pavements have occurred in concrete as well as in asphalt. 

In May 1956, Headquarters of the United States Air Force sponsored a pave- 
ment maintenance conference at Colorado Springs, Colo. The proceedings of 
this conference have been printed and issued to the various commanders of the 
Air Force. These proceedings reveal that flexible asphalt pavements are com- 
pletely satisfactory in all areas which were declared noncritical by your sub- 
committee. 

At the Maintenance Conference, Maj. Gen. Lee B. Washbourne, Assistant Chief 
of Staff, Installations, Headquarters, United States Air Force, stated that: 

“The yardage laid by the Air Force during its expansion program from 1950 
to 1955 approximately 50-50; that is, half rigid and half flexible. Again, the 
criteria, though increased over World War II standards, were not equal to the 
usage that these pavements will now receive under the multimission concept.” 

By this statement General Washbourne admitted that the airfieids built prior 
to 1956 had not been properly designed for the loads imposed upon them. 

The paper presented before the maintenance conference by Mr. O. E. Cox, 
pavements engineer, Headquarters, USAF, entitled “Damage to Bituminous 
Pavements by Jet Fuel Spillage and by Heat.” contained the following statement: 

“Although our pavements criteria permits placement of portland cement 
concrete for a distance of 1,000 feet on the runway ends, however, in cases 
where we have had to replace the bituminous runway ends, it has been found 
necessary to replace only 300 feet of pavement.” 

This substantiates our claim that less than 500 feet of runway ends need be 
portland cement concrete. 

A paper by Mr. H. E. Irvin, pavements engineer, Strategic Air Command, 
entitled “Some Pavements Problems in Strategic Air Command,” contains the 
following statement: 

“We have other problems caused by subsurface water. We in SAC are firm 
believers in adequate subdrainage of pavement bases. We haven't been able to 
sell our desires on subdrainage in the design of a project. If subdrainage is not 
placed during the original construction, it is very expensive to install at a later 
date.” 

Mr. Irvin substantiates our findings that proper drainage had been neglected 
on some of the airfields cited by the Air Force as unsatisfactory. 

A paper delivered at the maintenance conference by Maj. William E. Luther, 
directorate of installations, Headquarters Command, USAF, entitled “Pavements 
and Railroads Problems at Headquarters Command,” reviews quite thoroughly 
some of the failures which had occurred on rigid pavements at Bolling Air Force 
Base. His paper contains the following statement: 
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“Asphaltic pavement, on the other hand, has held up remarkably. Even 
though it is bad in spots, it still stands. * * *” 

A paper delivered at the maintenance conference by Mr. Earle ©. Peck, super- 
vising civil engineer, Headquarters, Technical Training Air Force, USAF, 
entitled “Pavement Problems of Air Training Command,” reviews the costs of 
constructing the various types of pavement. These costs show that the average 
for heavy-duty rigid concrete pavement has been $7.50 per square yard and that the 
average cost for heavy-duty flexible asphalt pavement has been $3.76 per square 
yard. Considering a statement that was made by General Washbourne that 
the Air Force now has in use more than 225 million square yards of airfield 
pavements, this difference in cost is of considerable magnitude. 

A paper delivered at the maintenance conference by Mr. Paul T. Sutton, Air 
Proving Ground Command, USAF, entitled “Airfield Pavement and Railroad 
Maintenance Problems at Eglin Air Force Base, Fla.,” contains the following 
statements: 

“A lot of asphalt parking apron was laid in 1950, 1951, and 1952. If more of 
the pavements engineers had realized how rapidly propeller-driven planes were 
going to be replaced with jet aircraft, using an asphalt softening fuel such as 
they do, some of this asphalt pavement might not have been put in or, at least a 
protective seal could have been provided. 

“Runways and taxiways were being designed and built during this time also. 
If more pavements people were made aware of the new type of bicycle-type land- 
ing gear to be used on the heavier planes, perhaps, some of these more recently 
built runways would have provided for this channelized traffic in their design.” 

Mr. Sutton goes on to state: 

“With the exception of 1,000-foot portland cement sections of either end of 
the runway, however, the runway and taxiway are asphaltic concrete. I am 
very well satisfied with this arrangement. As far as I have ever seen, asphaltic 
concrete pavements, subjected to moving traffic only, have held up excellently 
except in a few cases of improper design or where proper control was not exer- 
cised during construction. 

“Damage to asphaltic concrete runways from jet blast effect or fuel spillage 
is only slight. The few cases of rutting of bituminous concrete pavements in 
the channelized area from bicycle-type landing gear, along with some surface 
flushing which has occurred, are the exceptions which can be eliminated by the 
proper design mix and good control and inspection during construction. 

“The problem, inherent with rigid-type pavements, of joint maintenance is 
eliminated as well as the prospect of being faced with what could be a very 
costly project in case of failure of the extremely thick slabs now required for 
channelized traffic. In the event that wheel loads are increased still further 
in the future, either from in-service loading or aircraft design, the flexible-type 
pavement will lend itself more readily to strengthening to meet these additional 
loads, as well as being more economical to repair in cases of pavement failure 
due to overloading. 

“If it is decided to construct runways using a rigid pavement, certain locali- 
ties, having soils with a low ‘k’ value and aggregates producing a flow flexural 
strength concrete, will have pavement thicknesses exceeding 2 feet in the chan- 
nelized areas if present design methods are followed. These extremely thick 
slabs are going to present problems due to internal stresses set up from warp- 
ing caused by temperature differential of the top and bottom surfaces. To elimi- 
nate this problem, as well as to effect a possible economy in construction, the 
traditional concept of rigid pavements as a slab whose strength is increased 
by adding to its thickness might well be (discarded in favor of reinforced or 
prestressed sections in the channelized areas.” 

Needless to say, we feel that Mr. Sutton has given the correct engineering 
analysis to the selection of airfield pavement. 

It is our understanding that the United States Air Force has approximately 
850 operational bases in the continental United States and abroad, a large per- 
centage of which have substantial areas of asphalt pavement. Notwithstanding 
these facts, they cited only seven instances of distress in asphalt pavements. Of 
these seven instances, inspections by Asphalt Institute engineers reveal only 
three which could not be corrected with normal maintenance facilities and 
procedures. These three instances are obviously the result of faulty design 
and/or construction. Considering the cost difference between the two types of 
pavement, we are of the firm opinion that the elimination of asphalt paving from 
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the areas declared noncritical by your subcommittee is unwarranted, unsound 
and inimical to the public interest. 
Very truly yours, 
ARVIN S. WELLBORN, Chief Engineer. 


This communication completes the chronology of significant developments in 
the matter of Air Force paving policy since the adjournment of the subcommittee 
hearings in February 1954. Detailed engineering data on pavement inspection 
surveys and accelerated testing will be found in subsequent exhibit material. 


)XHIBIT B-1 


CONSTRUCTION AND MAINTENANCE Cost COMPARISONS OF MopERN Heavy-Duty 
PAVEMENTS 


Since World War II the existing mileage of so-called high-type bituminous 
(heavy-duty asphalt) pavement on the State highway systems of the United 
States has increased from 65,262 miles in 1946 to 194,295 miles in 1956. This 
129,033-mile increase in modern flexible paving includes such monuments to 
advanced asphalt technology as those vastly successful toll roads in Maine, 
New Hampshire, New Jersey, Oklahoma, Kansas, and Florida. 

In the same period the existing mileage of concrete pavement surface has 
shrunk from a peak of 95,740 miles to about 74,000 miles in spite of the fact that 
18,172 miles of new concrete pavements were being laid. In other words, during 
the-last decade some 40,000 miles of rigid pavement have either been abandoned 
or, more likely, salvaged with an asphalt overlay. 

Here is the well-documented story of a decade of transition. In 10 years the 
highway engineering profession moved from almost exclusive recognition of 
eoncrete for primary highway construction to enthusiastic acceptance of flexible 
paving on terms of comparable strength and durability. 

The lower construction costs of a flexible pavement are established beyond 
dispute. Figures have been compiled here to show that its maintenance costs 
are low, too. The story of asphalt superiority can be told in simple arithmetic 
(the Asphalt Institute, College Park, Md., May 1957). 
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NEW JERSEY TURNPIKE 





THE NEW JERSEY TURNPIKE 


Length: 117.6 miles 
Opened to Traffic November 195! 


Vehicles Carried (1955): 25, 888, 319 
Designed for Single Axle Loadings up to 36, 000 pounds 


INITIAL COST COMPARISON 
Based on Actual Competitive Bid Prices 


Portland Cement Concrete --- $45, 729, 568 
Asphaltic Concrete --- 40, 272, 434 
Total ASPHALT Saving --- $ 5,457,134 





ASPHALT Saving Per Mile --- $46, 404.20 





bgrade j 


Wr.8 Tee 
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OKLAHOMA'S TURNER TURNPIKE 





THE TURNER (OKLAHOMA) TURNPIKE 


Length: 88 miles 
Opened to Traffic: May 1953 


Vehicles Carried (through May 16, 1956) 5, 983, 758 ’ y >. 
Designed for Single Axle Loadings up to 28, 800 pounds ” Stabilized Aggregot 


INITIAL COST COMPARISON 
Based on Actual Competitive Bid Prices on 82.58 miles 


Portland Cement Concrete ---$10, 452, 484 


Asphaltic Concrete --- 9, 291, 364 hori Special Subgrede Material 


Total ASPHALT Saving --- $ 1,161,120 





ASPHALT Saving Per Mile --- $14,060 
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NEW HAMPSHIRE TURNPIKE 





| THE NEW HAMPSHIRE TURNPIKE 


Length: 14.7 miles 
Opened to Traffic: June 1950 
Vehicles Carried (through May 1955): 14, 500, 000 


INITIAL COST COMPARISON 
Based on Actual Competitive Bid Prices 


) 
i 
: 


Portland Cement Concrete --- $6, 474, 809.50 





Asphaltic Concrete --- 5,233,675.50 


Total ASPHALT Saving --> $1,241, 134.00 
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MAINE TURNPIKE 


¢ 
THE MAINE TURNPIKE 
Length: 47 miles (66-mile extension added in 1954-55) 


Opened to Traffic: December 1947 
Vehicles Carried (throuch December 1955): 17, 296, 000 


INITIAL COST COMPARISON 
Based on Engineering Estimates 
Portland Cement Concrete --- $5, 785, 369 


Asphaltic Concrete 4, 812, 624 


Total ASPHALT Saving $ 972,745 


ASPHALT Saving Per Mile--- $20, 696.70 KE EXTENS 
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KANSAS TURNPIKE 





THE KANSAS TURNPIKE 


Length: 234 miles (181 miles asphalt pavement) 
Opened to Traffic: October 1956 
Designed to Carry Single Axle Loadings up to 36, 000 pounds 


0 Re GS Se 


INITIAL COST COMPARISON 
Based on Engineering Estimate for Full Length 


Portland Cement Concrete --- $47, 196, 878 


Asphaltic Concrete --- 44,442,950 


ASPHALT Saving --~ $ 2, 753, 928 


2 
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SOME INITIAL COST COMPARISONS OF ASPHALT-PAVED TURNPIKES UNDER CONSTRUCTION 


The Massachusetts Turnpike (123 miles) 
[Based on engineering estimate] 


Portland cement concrete 
Asphaltic concrete 


Total asphalt saving 
Asphalt saving per mile 


The Richmond-Petersburg, Va., Turnpike (36 miles) 


{Actual bid prices, first section] 


Portland cement concrete (square yards) 
Asphaltic concrete (square yards) 

Total asphalt saving (projected) 
Asphalt saving per mile 


The Connecticut Expressway (136 miles, 60 miles to be asphalt) 


{Actual bid prices, first 3-mile section] 


Portland cement concrete 
Asphaltic concrete 


Total asphalt saving 
Asphalt saving per mile 


Some initial cost comparisons on California heavy-duty highways 


[Per mile where some sections are concrete, some asphalt] 


Concrete Asphalt Asphalt sav- 
ing per mile 


i 


U. S. 101 in southern California ae we $117, 990 $72, 371 $45, 619 
Freeway system near San Francisco - sich Dastheice ikaaadial 143, 616 76, 877 66, 739 


Freeway system in Los Angeles...........__-. i 125, 030 | 46, 182 


78, 848 


| 
| 
| 


THE TRUTH ABOUT MAINTENANCE 


A true composite picture of actual pavement maintenance costs is not easy to 
establish, as any experienced highway engineer will confirm. Few States have 
kept detailed and segregated maintenance cost records: However, where com- 
parative cost records have been kept, asphalt pavements most often prove out 
more economical than concrete on the maintenance balance sheet. 

It must be borne in mind that asphalt pavements, once laid down, are asphalt 
maintenance items forever. This is not true of rigid concrete pavements. Main- 
tenance charges are entered against these pavements only until such time as 
these charges become prohibitive. At that point, concrete uSually is overlaid 
with asphalt paving. 

From that day forward, these wornout concrete pavements, hidden beneath 
a thin overlay of asphalt, are transferred to the asphalt side of the ledger and 
become debits charged against asphalt maintenance. 

The following pages tell the maintenance story in cold, hard statistics, taken 
directly from the ledgers of the State highway departments wherever and when- 
ever they have become available. 


THE BAILEY REPORT 


The only comprehensive and authoritative study of pavement maintenance 
costs was the one made by Mr. H. E. Bailey, general manager of the Oklahoma 
Turnpike Authority, in 1951. Bailey’s report included cost data from 15 State 
highway departments known to keep coherent maintenance cost records. Ten of 
these States submitted comparative cost data for both types of pavement. Here, 
in brief tabular form, is the essence of the report compiled by Bailey, whose 
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conclusion was that maintenance costs should be considered equal for the various 
pavement designs that were developed for the Turner (Oklahoma) Turnpike; 


Average main- | Average main- 
tenance cost for | tenance cost for 
State reporting Year covered by report asphaltic con- | portland ce- 
crete per mile, | ment concrete 
per year per mile, per 
year 


—_—— 


California_. _| 1946 to 1950, inclusive $158. 00 $261. 00 
Indiana... ieee 167. 21 137. 72 
NS oo ce etcnpincncwanain ais SL eae - 397. 58 607. 1 
Maine 1942 to 1950, inclusive 145. 38 219. 45 
Massachusetts 1940, 1941, 1945 117. 73 164. 77 
New Hampshire , 1948, 1949, 1950 78.77 140. §8 
Oregon _.................---.| 1946 to 1951, inclusive 586. 00 408.00 
Pennsylvania_....._...-- 1939 to 1942 and 1947 to 1950, inclusive__-- 142. 56 192. 99 
Rhode Island 1948__. oa 320. 05 137. 84 

1945 to 1949, inclusive_........-......-.- 106. 72 153. 76 





In some instances, States reporting in the original Bailey study publish annual 
reports which clearly identify pavement maintenance costs. New Hampshire 
is such a State. Here are the New Hampshire primary system figures brought 
up to date: 


New Hampshire 


Cement Modified Bituminous 
concrete asphalt macadam 


$26, 549. 23 $3, 238. 89 $25, 187. 20 
251. 91 51.01 226. 36 
$105. 39 . $111. 26 


$36, 170. 64 
. ti 239. 96 k 236. 60 
Cost per mile $168. 99 . $157. 10 


Total cost : $33, 812. 33 83. $26, 870. 78 
BN ncndeid bi tict Ahics atenitn teed mss tan ened 


215. 24 ; 253. 09 
Cost per mile oo $106. 37 


1954: 
Total cost $2, 671. 57 $25, 438.35 


. 92. 36 277.73 
RARE EE SEs scsinnne-asetdennasndietaicnianemicnnnabibenninidenanie cain $28. 92 $91. 59 


$6, 670.47 |” $26, 876.95 
. 2! 89. 34 310. 38 
Cost per mile $161. 91 $75. 79 $86. 69 


1955: 
Total cost 


Pennsylvania 


Since publication of the Bailey report, an impartial engineering survey has 
reported the average annual maintenance costs in Pennsylvania during the 1950- 
54 period as follows: 

Per mile 
Portland cement concrete 
Heavy-duty asphalt 


94407—57——-18 
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Texas (Texas Highway Department base and surface maintenance costs of 
flexible and rigid-type pavements) 


Hot-mix asphalt on Portland cement con- Portland cement con- 
flexible base crete (+5 sx. mix) crete (—5 sx. mix) 


Fiscal year ending August 31|/ RE Oe a ae ee Yate. 


Average Average Average Average Average Average 
miles cost per miles cost per miles cost per 





$87.7 
111. 86 
125. 94 
90. 21 
. 131. 02 
5, 137. 44 16. 26 256. 86 103. 25 
cand ; 111. 90 

cipaoeh hele 130. 04 
é , 116. 15 9: . 167. 83 

654. 16 59. 5, 149. 53 L f 116. 06 
723. 96 3 5, 123. 46 9. 13 ‘ “ 134. 13 


. 872.10 54. 1i 5E 144, 03 





13-year average 








Source: From Texas Highway Department Biennial Reports No. 11 through No. 20, Sept. 1, 1936, to Aug. 
31 1956. 


Asphalt surface on flexible | P. C. concrete 
base 


' 
Average miles} Average cost |Average miles| Average cost 
per mile per mile 


4, 417. 48 $255. 20 4, 822. 75 $239. 15 
4, 380. 54 4, 701. 74 
4, 363. 18 . 4, 453. 75 
4, 474. 05 . 4, 153. 68 
4, 528. 43 237. 36 | 3, 734. 14 
4, 936. 54 3. 3, 397. 63 
5, 313. 81 3. 3, 137. 37 


7-year average -__- 





1 From 1937 to 1949, hot-mix hot-laid asphaltic concrete on flexible base was listed as a separate type of 
pavement and p. c. concrete was listed under 2 classifications; however, beginning in 1950 a number of 
types of asphalt surfaces were placed in a single classification and the 2 types of p. c. pavements were com- 
bined. For the past several years asphalt surface, 1 inch or more in thickness, on flexible base has included 
the following types of surfaces: Bituminous road mix, asphaltic macadam, rock asphalt, cold-mix asphaltic 
concrete and hot-mix asphaltic concrete. 
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Some representative annual maintenance costs * 
[Per mile] 
WASHINGTON, 1954 





Pavement type 











Concrete Heavy-duty Other 
asphalt asphalt 
ane enmenaseall i aceapmant rrr 
Miles. ----- ae a : e si i " 314. 5 | 74. 06} 1, 202. 12 
Total cost. - --| $63,229.00 $13, 255. 00 231, 417. 00 
Cost per mile__- : Soe $201. 00 $178. 98 $192. 52 


MISSISSIPPI, 1952-53 


Pavement type 








Concrete Asphalt | Surface 


treated 


SS ee 








Miles... Sas | 2,075.9 














1, 660 | 1, 754.8 
Cost per mile. _.....--___- oe ae pees $670. 33 | $545. 03 | $540. 62 
LOUISIANA, 1952-53 

Miles ‘ etentoi ate NH AL. 2, 735 4, 451 | 
Cost per mile-__. 4 3 5 s -| $1, 360. 59 $784. 22 |-- 
OHIO, 1952-5: 

c . a Fr eS ae 
Miles ‘ gee kaa ee 1, 907 11, 687 
Cost per mile- ; . daknsauese waa $515. 00 $350. 00 }.....-....1... 

NEW YORK, 19532 

ibe i et niet cere gy 3. mahi Spssctasig. be 5, 494 Oe 
Cost per mile__-_-...-.-- sya sonia Ook a ES $407. 20 SOOO dericndanagena 





1 State highway department figures except where indicated. 
2 Based on independent engineering study. 


IN CONCLUSION 


This recital of statistics would indicate that modern asphalt pavements ac- 
tually cost less to maintain. However, that it not our thesis. We stated earlier 
that there is documentary evidence to support our assertion that asphalt costs 
less to build, and costs no more to maintain. 

We will rest our case on the foregoing figures, and the following quotation, 
taken unabridged from the Pavement Design report prepared for the Kansas 
Turnpike Authority by the eminent firm of consulting engineers, Howard, 
Needles, Tammen and Bergendoff : 

“The types of pavement recommended in this report are comparable only to 
those designed for other major turnpikes since World War II. The oldest of 
these pavements have been in use for a period of about 3 to 7 years. Experience 
to date with these superior pavements is not sufficient to permit an intelligent 
comparison of maintenance costs and there is no accurate method of estimating 
any difference that might exist. The most outstanding feature of maintenance 
on the major turnpikes has been that it has been very small and substantially 
below the estimate for both types of pavement. It is entirely possible that main- 
tenance costs will not be in favor of either type (e. g., the cost of replacement 
of localized areas of rigid pavement will be more expensive but less frequent 
than that required for flexible pavement) * * *.” 
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Exuisit B-2 


In a paper delivered at the Headquarters, United States Air Force Pavement 
Maintenance Conference at Colorado Springs, Colo., in May 1956, the following 
table of average paving costs was offered by Mr. Earle C. Peck, supervising civil 
engineer, Headquarters, Technical Training Air Force, United States Air Force: 


Rigid pavement 

Average cost 
Heavy-duty (7,573,000 square yards) 
Light-duty (1,948,000 square yards) 


Difference, 34 percent or 


Flexible pavement 


Heavy-duty (3,340,000 square yards) 
Light-duty (3,093,000 square yards) 


Difference, 14 percent or 
Mr. Peck then goes on to say: 


“These unit prices, of course, are low in comparison with the latest United 
States Air Force pricing guide which shows 17 inches portland cement at $10.50 
per square yard, and 10 inches at $8.50 per square yard—a difference of 23% 


percent; and bituminous concrete at $6.50 and $5.50—a difference of 18 percent 
between heavy- and light-duty pavements * * *.’” 


EXxursIT B-3 


OFFICE oF AIRPORT CONSULTANT, 
Chicago, Ill., March 25, 1955. 


To the Honorable Chairman and Members of the Subcommittee on Aviation of 
the Finance Committee of the City Council. 


GENTLEMEN : In reference to the bids received by the city for the construction 
of the new runway at O’Hare Field, I have recently submitted through the pur- 
chasing agent a recommendation to the finance committee that an award be made 
to the lowest bidder under the lowest of the two alternate proposals. 

At the last meeting of the finance committee the Airline Pilots Association pre- 
sented a report favoring the use of concrete rather than asphalt for the construc- 
tion of the mair portion of the runway and for that reason the matter was 
referred for further consideration by your subcommittee. 

Specifications provided that bids were to be received on two separate alter- 
nates—No. 1, the entire work, including connecting taxiways, bleed-off and 
parallel taxiways and the main runway to be constructed of a “rigid” concrete 
pavement; No. 2, the connecting taxiways and the first 500 feet of the runway to 
be constructed of “rigid” concrete pavement, the balance of the runways and the 
bleed-off and parallel taxiways to be constructed of a “flexible” type pavement 
consisting of a macadam base with an asphaltic concrete top. The low bid 
received for the all “rigid” pavement was $2,046,546.80, the low bid for the com- 
bination of part “rigid” and part “flexible” pavement was $1,304,550. Since the 
total amount tentatively allocated by the Government for this and other work is 
$1,665,000, it is obvious that if we are to construct the runway we will of neces- 
sity have to accept the lower of the two alternates. 

The two types of pavement are of equal length, width and strength and under 
CAA requirements they insist that Federal funds only be spent for the lower 
of the two alternates. 


The Airline Pilots Association advance the following reasons for their prefer- 
ence for concrete pavement : 

A. Concrete is more quickly visible to the approaching aircraft than the asphalt. 

This, of course, will be cured by painted strips on the asphalt runway which 
will give it equal or greater prominence from the air than the concrete runway. 
The objection is also answered by the proposed installation of “high intensity” 


-runway lighting which clearly defines the runway even under low visibility condi- 
tions. 


B. They fear the effect of the operation of jet aircraft on asphalt pavement 
for two reasons—first, the spillage of fuel during any warmup or waiting period 
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might disintegrate the asphalt and, second, the effect of the blast from the jet 
engine would melt the asphalt. 

In this regard the purpose of making the connecting taxiways and the first 500 
feet of runway of concrete was to guard against the spillage of fuel disintegrating 
the asphalt at the critical time of waiting and warming up. The effect of jet 
blast is also more critical while the jet planes are standing and warming up 
rather than on the main runway, which is an additional reason for providing 
concrete for these critical areas. 

The most authentic findings on this subject are contained in the Report of the 
Subcommittee on Defense Activities of the Committee on Armed Services of the 
United States House of Representatives, dated May 21, 1954. In the public hear- 
ings upon which this report is based testimony was given by the Department of 
the Air Force, the Bureau of Yards and Docks of the Navy Department, the 
Asphalt Institute, and the Portland Cement Association. In this discussion 
the Air Force requested that a difference of 5 percent in cost in favor of con- 
crete be established. The Navy, however, does not allow a price premium for 
either. After reviewing the data presented by the various groups, the following 
findings of the committee were summarized: 

The effective blast from jet engine is minor in character. 

The maintenance costs are in fact about equal for both asphalt and concrete. 

The great hazard in operating jet aircraft is loose material or debris which 
damages tires, gets into the airstream, and can be sucked into the jet pods 
damaging or ruining the blades. However, they find that neither asphalt nor 
concrete excludes this hazard. The conclusion of this committee is as follows: 

“It is our opinion, after considering all factors, that the continuation of con- 
crete in critical areas as a design criteria is justified ; and it is our opinion, from 
all the evidence, that cost in the noncritical areas between concrete and asphalt 
should be weighed without a price differential and by a direct comparison of 
first costs.” 

The Civil Aeronautics Administration through whom the Government is fur- 
nishing the funds for the construction of this runway adopt the same ruling, 
namely, that asphalt can be considered as a full equivalent of concrete for run- 
ways outside of the critical areas above mentioned, in which areas we are specify- 
ing the use of concrete. 

At the major airports throughout the country, the principal runways are pre- 
dominantly of asphalt. From CAA records the following are of asphalt: Boston- 
Logan Airport, LaGuardia, Newark, Philadelphia, International, Baltimore- 
Friendship Airport, Miami-International, Nashville, Pittsburgh, Denver, Staple- 
ton Field, Phoenix, Los Angeles International, San Francisco, and Portland. The 
following are of concrete: Idlewild, Atlanta, Wayne County, Minneapolis, Kansas 
City Municipal, St. Louis, Fort Worth, and Seattle. In many instances, as at 
New Orleans, Columbus, and Minneapolis, old concrete runways have been 
covered with asphalt overlays. 

The most recent and immediate example of runway construction is at O’Hare 
Field. The United States Government recently lengthened the existing north- 
west-southeast concrete runway by adding at both ends a total of about 2,000 feet 
of asphalt runway for jet aircraft operation. 

Under all the circumstances and particularly because of the saving to the city 
of over $700,000, I can see no alternate for the city to follow but to accept the 
lowest alternate for the construction of the runway. 

Respectfully submitted. 

Rap H. Burke, 
Airport Consultant, City of Chicago. 


Exursit B-4 


“* * * Tn our letter of September 2, 1952, it was stated that in the prior 18 
months the division between asphalt and concrete had been 60—40 and the dollar 
cost of the two types had been approximately the same. What was meant was 
that the ratio of the quantity of asphalt pavement to concrete pavement, for 
which awards were made, was 60-40. The total cost of the asphalt pavement 
was approximately equal to the total cost for the concrete which means that on 
a unit basis the cost of concrete is approximately one and one-half times the cost 
of asphalt. More recent figures received from our major construction agent 
reveal that from January 1, 1951, to October 30, 1952, contract awards were made 
on a total of 21,098,549 square yards of pavement of which 53 percent were for 
asphalt and 47 percent were for concrete. 
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“On the matter of maintenance costs the records of worldwide average ex- 
penditures do not indicate any significant cost differential per square yard be- 
tween the two types of pavement. It must be stated, however, that to date only 
a small percent of our active aircraft is jet propelled. By fiscal year 1957, it is 
anticipated that 50 percent of the active aircraft will be jet propelled. Jet- 
propelled aircraft impose two potentials for airfield pavement damage not im- 
posed by conventional aircraft. One potential is jet blast, with its high tempera- 
tures and velocity. The second is spillage of raw jet fuel on the asphaltic park- 
ing areas during fueling, and other ground operation periods. This spilled fuel, 
while not incompatible with portland cement concrete has a most harmful po- 
tential where asphalt is concerned because of the solubility of asphalt in petro- 
leum derivatives. 

“From the standpoint of ground handling of aircraft, no difficulties have 
been encountered. Either portland cement concrete or high quality asphaltic 
concrete or a combination of the two has proven generally acceptable to the Air 
Force * * *” (from letter of July 6, 1953, from Robert E. L. Eaton, major gen- 
eral, USAF, director, legislative liaison, to Hon. William E. Hess, chairman, Sub- 
committee on Defense Activities Committee on Armed Services, House of Repre- 
sentatives). 

SUPPLEMENT To ExHrsir B-4 


“A tabulation of contract awards by the Corps of Engineers on airfield 
paving has been made covering a 15-month period between February 1, 1952, 
and May 1, 1953. This tabulation reflected comparative bid prices of the 
pavement structure alone for portland cement concrete and bituminous con- 
crete and did not include bid items common to both types such as grading, drain- 
age and electrical installations. Copies of the complete tabulations were 
furnished Col. R. H. Curtin of your headquarters and to the Engineering Branch 
of your Architectural and Engineering Division in June 1953. A summary of 
the tabulation also furnished your headquarters, discloses that on a nation- 
wide average, the rigid type pavement (portland cement concrete) costs 83 per- 
cent more for heavy duty pavements and 90 percent more for light duty pave- 
ments than for the equivalent pavements in the flexible type (bituminous) .” 
(David H. Tulley, brigadier general, United States Army, Assistant Chief of 
Engineers for Construction, official memorandum to Chief of Staff, USAF 
(attention: Director of Installations), dated October 16, 1953). 
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OXHIBIT C-1 


ASPHALT 


Paves Seven of Nation’s 
Ten Leading Airports 


Me asphalt pavement has posted an enviable record 
4 in the construction of streets, highways and airfields. Its 
mileage leadership on the nation’s roads is indisputable, as 
U.S. Bureau of Public Roads statistics attest, year after year 
A glance at the chart on page two of this magazine will reveal 
that state highway departments annually build more asphalt 
pavement, both heavy-duty and low-cost, than any other kind 

There are, of course, good reasons for this. First, heavy 
duty asphalt pavement is a truly modern pavement, the only 
really up-to-date pavement available to engineers for con 
structing the modern highways today’s heavy traffic requires 
It is smoother than any other pavement. It is stronger. It 
is easier, faster and far less costly to construct. Maintenance 
is low cost—certainly no more than for other pavement types 

and can be accomplished with much greater speed and 
facility 

A second major reason why engineers overwhelmingly 
prefer asphalt pavement is its versatility. It is this quality, 
inherent in asphaltic matetials, which makes asphalt paving 
the only practical means for improving old, obsolete roads 
regardless of the type of existing pavement. In other words 
it can not only economically rejuvenate, strengthen and 
widen old -asphalt roads showing distress under traffic they 
were never designed to carry, but it can also be used to 
salvage detcriorating slab-type highways by economical under 
sealing, widening and resurfacing 


ASPHALT LEADS IN AIRFIELD PAVING 


In airheld paving as in road construction, asphalt holds 
a commanding lead. Its preference by airport ofhcials and 
engineers stems from proven performance based on the 
advantages cited above. With air trate continually in 
creasing (CAA statistics for 1956 show a 9% increase 
in total operations over 1955 and an incredible 54% over 
1951) and the commercial airlines putting into service bigger, 
heavier and faster planes. many major civil airports have 
not only enlarged their field area and passenger facilities 
but have also scheduled programs for improvement and 
strengthening of runways and taxiways rapidly becoming 
obsolete. Almost without exception airfield engineers have 
picked asphalt paving to accomplish the latter task. 

Obviously, the need to perform airfield pavement stage 
construction and maintenance with dispatch is a vital onc 


A runway or taxiway put out of commission for repairs even 
for a few days could seriously disrupt the efficiency of airport 
traffic operations. With asphalt paving, maintenance repairs 
and improvements can be carried out rapidly and easily— 
day and night——from minor patching to total resurfacing. Once 
the new paving is placed, the airstrip can be opened to traffic 
within a few hours, since no long curing period is required. 


WARTIME PAVING PROVIDES PROOF 


This important advantage of asphalt paving—speed and 
case of construction and maintenance—was put to the test and 
fully proven at many of our military airbases built during 
World War II in captured enemy territory in the Pacific 
and China-Burma-India Theatres. With speed of the essence 
in establishing these outposts for safe, efficient landings and 
takeoffs by U.S. fighters and bombers, Army and Navy 
construction battalions paved the runways with asphalt that 
had been barreled and sometimes flown to the site by transport 
planes. Often employing thousands of native laborers, these 
tremendous surfacing projects, providing smooth, durable all- 
weather runway pavements, were performed and placed in 
service in a matter of days. Only with asphalt could the 
job have been done in so short a time 


SUPERIOR IN ALL RESPECTS 


Asphalt paving has long played a significant role in the 
evolution and development of aviation. When the grass 
landing strip became obsolete under the loads of bigger, 
heavier planes, asphalt provided the economical hard-surfaced 
pavement they demanded. It has been an indispensable part 
of the airfield paving picture ever since. So highly regarded 
are its superior qualities of smoothness, durability and long 
life, its economy of construction and maintenance, and its 
extreme utility in strengthening and improving old airfield 
pavements of any type, that seven of the ten leading civil 
airfields in the United States with respect to number of 
takeoffs and iandings are asphalt paved. 


The following pages describe these seven fine airports, all 
of which daily play host to hundreds of our most modern 
commercial aircraft. Airport engineers can take pride in the 
knowledge that the heavy-duty asphalt pavement is as mod- 
ern as the aircraft it serves. 


| 
| 





AIRSTRIP PAVING MATERIALS 


F i 


Poote: Chicago Aerial Industries, Inc. 


CHICAGO MIDWAY AIRPORT 


Chicago Midway is the busiest airport in the United States. 
During fiscal year 1956, according to the Civil Aeronautics 
Administration, the number of aircraft operations excluding 
purely local flights amounted to 366,079, exceeding by over 
100,000 the number of takeoffs and landings recorded at the 
second-ranking airport, New York's LaGuardia. Since 1927, 
when Midway was opened, the number of plane movements 
has totalled well over 4,500,000. During its 28-year life the 
airport has served nearly 67 million passengers. 


To handle increasing traffic volumes and aircraft weights 
through the years, Midway engineers have effected a num- 
ber of programs of expansion and improvement of facilities. 
In April 1941, the field was doubled in area by linking its 
north and south halves. This increased the length of all 
taxiways and runways, the longest of which is now 6410 feet 
overall, for greater safety and maneuverability. 


Although periodic asphalt stage construction has been carried 
out for many years at Midway to accommodate additional plane 
weights and landing weights as required for operations, the 
first major resurfacing program went into effect in 1948 
when approximately 133,000 tons of heavy-duty asphalt 
pavement were applied to all eight taxiways and runways 
Additional thickening and strengthening of runways with 
asphalt has occurred during the period 1948 to 1956 at 
the rate of approximately 4000 tons a year. 

This year, 1957, airport authorities are overlaying two 
taxiways with 21,” of asphalt hot-mix, increasing their load- 
bearing capacity to accommodate the new, heavier DC-7’s and 
turbo-props 


"el Ai ay 


NEW YORK’s LAGUARDIA AIRPORT 


The nation’s second busiest civil airfield is LaGuardia 
Airport, located at the entrance of Flushing Bay in tho 
Borough of Queens, New York City. Criss-crossing the 
field are four asphalt runways, one of which is closed to flight 
operations. 

The Flushing Bay area is noted for the unstable nature 
of its subgrade soils, a condition which dictated use of a 
flexible surfacing material at LaGuardia, The inherent flexi- 
bility and resiliency of asphalt paving is one of its chicf ad- 
vantages, one that enables it to “give” when the earth beneath 
it subsides. This feature contrasts with the brittleness of rigid 
pavement which bridges over depressed areas in the subgrade 
and eventually, under pounding by traffic, cracks and 
breaks up. When this occurs the only solution is to under- 
seal the slabs with liquid asphalt and resurface them with 
heavy-duty asphalt pavement. LaGuardia’s engineers, there- 
fore, decided to build the runways with asphalt in the first 
place. They completed the project in 1936. 

The extreme settling condition at LaGuardia, coupled 
with tremendous step-ups in aircraft operations and increased 
aircraft loads, have prompted airport engineers to perform 
extensive resurfacing operations over the years. Asphalt, of 
course, has been used in all improvements, thickening the 
runways for increased strength. Pounded by the tremendous 
loads of over 260,000 aircraft in 1956, LaGuardia’s asphalt 
pavements are adequately carrying the world’s biggest and 
heaviest commercial planes. 

Photo: Fairchild Aerial Surveys 
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Photo: Fairchild Aerial Surveyi 


WASHINGTON NATIONAL AIRPORT 


Located at Gravelly Point, Virginia, on the west bank of the 

Potomac River five miles south of the nation’s capital, is 
Washington National Airport. The field was built approxi- 
mately sixteen years ago on hydraulic fill excavated from the 
river. Its four asphalt runways served some 237,000 aircraft 
in 1956. 
" The runways consist of 114” of asphaltic concrete surface 
over a 2” asphaltic concrete base. A sub-base of mechanically 
stabilized sand-gravel supports these pavement layers. This 
relatively thin structure is one of the reasons for asphalt's 
much lower initial construction cost. And to prove that eco- 
nomical asphalt surfaces are low in maintenance cost, one need 
only regard the performance of the pavements at National Air- 
port. Subjected every day to the loadings of commercial air- 
craft weighing several hundred thousand pounds, National's 
runways have required only minor repair and sealing during 
their lifetime 


L.A. INTERNATIONAL AIRPORT 

Thi rs Los Angeles International Airport was 
a bean field. Today it is the fourth largest commercial aic- 
port in volume of air traffic in the United States. Its ait- 
plane movements in 1956 numbered 228,917. 

The development of this great air terminal reflects the 
growth of commercial aviation in our nation. In 1925, the 
airport boasted only a single 2,200-foot macadam strip. 
Then in 1938 and 1939 the City of Los Angeles, which owned 
the field, built two heavy-duty asphalt runways to accommo- 
date increasing traffic. These provided excellent service with 
practically no maintenance for twelve years. So extensive 
were the changes and developments that took place in air- 
craft production and design during this period that additional 
runways, extensions and improvements to increase load-beas- 
ing capacity were undertaken between 1948 and 1951, with 
most of the pavements built over an emulsified asphalt: stabil: 
ized base. Since then, periodic strengthening with asphalt and 
extension of taxiways have been conducted to streamline opera: 
tions while traffic volumes and aircraft weights continue to sise 


Photo: Spence Air Photor 


ATLANTA MUNICIPAL AIRPORT 


Handling more than three hundred scheduled airline flights 
each day, Atlanta Municipal Airport ranks fifth among asphalt 
airports in volume of plane movements. It also holds a record 
unique among all commercial airfields: between 12:30 and 
1:30 each day, Atlanta conducts the busiest single air hour in 
the nation. In other words, although other cities have more 
traffic during a day, Atlanta handles more during that hour 
than any other city during any other hour. 


The airport has four runways, three of which are surfaced 


MIAMI INTERNATIONAL AIRPORT 


Photo: Fairchild Aerial Sarveys 
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with modern asphalt pavement. In 1956 they served 188,467 
planes. Moreover, most of the taxiways and all of the apron 
afea are paved with asphalt. 

Municipal airport authorities, in addition to conducting 
a program of new taxiway construction with asphalt pave- 
ment, part of which is now under contract, are planning to 
request Atlanta taxpayers for approximately $12 million te 
build a new air terminal building. If plans are carried out, 
the new terminal would considerably increase the airport's 
capacity, not only easing the handling of passengers but pro- 
viding patking space for at least 100 of the largest type planes 
in use to date. 

Atlanta is an excellent asphalt field destined to become 
one of the world’s finest. 


MIAMI INTERNATIONAL AIRPORT 


Sixth on the list of major asphalt-paved civil airfields is 
Miami International Airport, the nation’s foremost hub for 
travel to Mexico, South America, Cuba and the West Indies. 

Last year over 183,000 planes used its four rugged as- 
phalt-paved runways that have long afforded smooth land- 
ings, take-offs and taxiing for the big trans- and inter-continen- 


Photo: Lvans-W ora Arrlines 


tal airliners annually carrying thousands of European, U.S. 
and Latin American vacationers and visitors to and from our 
shores. 


ALBUQUERQUE AIRPORT 


The Albuquerque Airport is known officially as Kirtland 
Air Force Base. It is open, however, for public transportation, 
and three commercial airlines make use of its facilities. The 
airport's control tower reported nearly 179,000 takeoffs and 
landings in 1956. 

There are five runways at Albuquerque, the newest one, 
running east-west, having been constructed in 1954 and 1955 
by the U.S. Army Corps of Engineers. The entire stretch, 
with the exception of 500 feet at either end is paved with 4” 
of asphalt hot-mix. Total thickness of the pavement struc- 
ture varies from a minimum of 12” to a maximum of 
17”. Base material is composed of sand and crushed gravel. 

Most of the other runway and taxiway pavements were 
built just prior to and at the beginning of World War II 
with WPA funds, Except for certain small areas of slab 
pavement, principally at runway ends and warm-up areas, 
the construction is all modern asphalt pavement 


RUNWAY RENEWED AT NEW ORLEANS AIRPORT 


This striking photo gives a 
bird’s eye view of the east 
west runway at New Orleans’ 
Moiscnt Airport. As part of 
@ five-year, multi-million-dol- 
lar modernization plan, en- 
gineers for the city’s aviation 
Commission in September 
1955 used modern, heavy- 
duty asphalt pavement to re- 
juvenate and strengthen the 
worn-out slab pavement built 
only eleven years earlier. 
Note the sharp delineation of 
pavement morkings against 
the smooth, dark asphalt. 


Photo: Geer Studio 
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ExuHisir 0-2 


Although they have very high cruising speeds, the new jets will be able to ap- 
proach and land at speeds not much above those of present transports. There 
has been a great deal of concern about runway lengths. True, the jets will 
require long runways for transocean flights. But we expect most jet flights 
to follow much the same pattern as present-day transports. That means that 
the bulk of jet flights will be over moderate distances. Taking off with fuel 
tanks only partly full, the jet transport can accommodate itself to the run- 
ways now existing at the larger municipal airports. * * * 

Every airport manager is interested in the effect of the heavy jets on his run- 
way paving and the paving of his taxiways and runup pads. It may be neces- 
sary to add to the paving thickness at some airports, particularly if the jet 
transports are heavily loaded. However, the wheels of the new aircraft are 
widely spaced so that they spread the weight over large areas of pavement and 
the runway problem, from a load-bearing standpoint, does not appear to present 
us with any immediate crisis. 

The effect of jet blast and spilled fuel on paving is something which we are 
investigating carefully since we are deeply concerned with both new and existing 
construction. From what we have learned to date, it does not appear that 
either the blast or an occasional bit of spillage is going to do any great amount 
of damage. (Airports in the Jet Age, address by James T. Pyle, Administrator 
Civil Aeronautics Administration, at the Jet Age Conference of the Spokane 
Wing of the Air Force Association, Spokane, Wash., September 14, 1956.) 
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EXHIBIT C-3_ 


The Peiocape 


Washington Trends 


Diplomat’s Entrance Exams 
Even before he gets to Washington, Gov. 
Christian Herter of Massachusetts is the capital's 
new leading man-in-the-middle. 


The new Under Secretary of State is caught in 
the cross fire of pro- and anti-British members of 
the Administration. 


The British have been wooing Herter openly— 
much to his embarrassment, since his new boss, 
Secretary of State John Foster Dulles, is still 
rankled at the British over Suez. 


As a consequence, Herter has taken a diplomatic 
out: To see no diplomats or newspapermen until 
the controversy dies down. 




















Gen. Curtis LeMay, chief of the Strategic Air 
Command, fears an all-out atomic attack could 
destroy all our B-52 bases within a few hours. 


— two US. fields—at Merced, Calif., and 

e: aine—are properly equipped to 
uge intercontinental bombers. 
Other bases are in England, North Africa, Guam. 


LeMay wants alternate bases built, both in the 
U.S. and abroad—fast. 


Despite claims that the B-52 is fast flying into 
obsolescence, the Air Force is not freezing its 
design. In fact, improvements are now being 
made to make it higher, faster, a poorer target. 
Strategic Air Command brass believes the B-52 
will give the U.S. good retaliatory protection for 
five years. By then, they hope, the interconti- 
nental guided missile should be perfected. 












The New South 

Herman Talmadge, Georgia's new senator, will 
almost completely reverse the position of his 
predecessor, Walter F. George, on foreign aid. 
George, now President Eisenhower's special rep- 
resentative to NATO, was a steadfast supporter 
of the Marshall plan and other forms of mutual 
assistance among nations. 


Talmadge says he will oppose spending U.S. 
funds for “all manner of doubtful global experi- 
mentation throughout the face of the earth.” He 
particularly dislikes overseas agricultural help as 





Newsweek, January 7, 1957 °° 





long as the United States has farm surpluses. 


Talmadge also would like to see Congress re- 
verse the Supreme Court on school segregation. 


New Labor Laws 

Despite the problems of getting it through Con- 
gress, the White House will go all out to revise 
Taft-Hartley. 


Labor Secretary James P. Mitchell, a favorite of 
President Eisenhower, is getting solid Adminis- 
tration support for the changes in the law that 
many labor leaders want. 


On the White House list for change: A section re- 
quiring union heads, but not employers, to take 
an anti-Communist oath. Labor leaders resent 
this as a reflection on their patriotism. 


Tift With Israeci 


Relations between the State Department and 
the Israel Government are becoming strained. 


Israel repeatedly has asked State to define U.S. 
policy on Gaza and freedom of passage for Is- 
raeli ships through Suez, but so far it has received 
no assurance of support. 


U.S.-Israel relations may get worse. The State 
Department opposes further U.S. aid to Israel 
until it obeys the U.N. resolution calling for 
evacuation of all foreign troops from Egypt. 


Conservative? 


Senate Minority Leader William F. Knowland is 
losing some support &mong the more conserva- 
tive Republicans. 


They are disappointed that Knowland, in his role 
as U.S. representative to the United Nations, has 
failed to push for a stronger condemnation of 
Russia's brutality in Hungary. 


The conservatives are unappeased by arguments 
that Knowland’s job at the U.N. is to follow U.S. 
policy, not make it. Some feel he has been “taken 
in” by the Administration. 


or Business Trends, see page 53. 
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Exureit C-4 


“* * * T have one last observation, and it is probably a good thing that it is 
the last one, as I am going way out on a limb in making it. It concerns the 
recent criteria dealing with the construction of primary runways. The criteria 
states that the pavement will normally be constructed of portland cement con- 
crete with the exceptions considered on request to Headquarters USAF. From 
this, the observer can only conclude that, if he can afford it, he will be much 
better off with a portland cement runway. We have under construction at Eglin 
a 12,000 foot long, 300 foot wide, heavy duty runway, designed for channelized 
traffic. Warmup aprons and parking aprons, being constructed in conjunction 
with it, are portland cement which is, in my opinion, the best type pavement 
for this particular usage. With the exception of 1,000 foot portland cement 
sections of either end of the runway, however, the runway and taxiway are 
asphaltic concrete. I am very well satisfied with this arrangement. As far as 
I have ever seen, asphaltic concrete pavements, subjected to moving traffic only, 
have held up excellently except in a few cases of improper design or where proper 
control was not exercised during construction. 

“Damage to asphaltic concrete runways from jet-blast effect or fuel spillage 
is only slight. The few cases of rutting of bituminous concrete pavements in 
the channelized area from bicycle-type landing gear, along with some surface 
flushing which has occurred, are the exceptions which can be eliminated by the 
proper design mix and good control and inspection during construction. 

“The problem inherent with rigid-type pavement, of joint maintenance, is 
eliminated as well as the prospect of being faced with what could be a very 
costly project in case of failure of the extremely thick slabs now required for 
channelized traffic. In the event that wheel loads are increased still further in 
the future, either from in-service loading or aircraft design, the flexible-type 
pavement will lend itself more readily to strengthening to meet these additional 
loads, as well as being more economical to repair in cases of pavement failure 
due to overloading. 

“If it is decided to construct runways using a rigid pavement, certain locali- 
ties, having soils with a low “k” value and aggregates producing a low flexural 
strength concrete, will have pavement thicknesses in excess of 2 feet in the 
channelized areas if present design methods are followed. These extremely 
thick slabs are going to present problems due to internal stresses set up from 
warping caused by temperature differential of the top and bottom surfaces. To 
eliminate this problem, as well as to effect a possible economy in construction, 
the traditional concept of rigid pavements as a slab whose strength is increased by 
adding to its thickness might well be discarded in favor of reinforced or pre- 
stressed sections in the channelized areas” (Mr. Paul T. Sutton, pavements 
engineer, Air Proving Ground Command, Eglin AFB, Valparaiso, Fia., from 
paper delivered at Headquarters USAF Pavements Maintenance Conference, Colo- 
rado Springs, Colo., May 28-31, 1956). 


Exurisit C-5 
RECOM MENDATIONS 


Summarized below are recommendations based upon evaluation and analysis 
of the committee’s findings. 


Heat, blast, and fuel spillage 


1. From the standpoint of damage due to heat, blast, and fuel spillage from 
jet planes, pavements of either portland cement or asphaltic concrete are satis- 
factory and are recommended for use in the central portions of taxiways and 
runways where planes are moving continuously. 

2. Portland-cement concrete should be used for pavement in certain critica! 
areas, such as maintenance and fueling areas, warmup pads, aprons, and on 
those portions of runways and taxiways where planes are likely to be sta- 
tionary with the engines running. 

3. The extent of critical areas should be based upon the type of field opera- 
tion, runway and taxiway layout, and economic considerations. The final 
decision should be based on sound engineering judgment in which all factors, 
including operational requirements, will be given full consideration. 


Selection of pavement type 


4. Cost of construction and maintenance should not determine the selection 
of pavement type in critical areas, since the differences in costs of the two 
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principal types are not so great that they should take precedence over opera- 
tional requirements. In noncritical areas, where either portland cement or 
asphaltic concrete is satisfactory, costs of construction and maintenance should 
be considered along with operational requirements in a carefully conducted 
engineering analysis for the selection of pavement type. 


Engine damage 


5. Better sweeping practices and greater policing of fields by maintenance 
crews should be employed to reduce the possibility of engine damage due to 
loose particles. Other practices needed included adequate stabilization of 
shoulders and service roads; restricting operation of motor vehicles using run- 
ways, taxiways, and aprons to paved surfaces; and development of more 
efficient sweepers (from report of Special Committee, Highway Research 
Board, studying effects of military aircraft on airfield pavements (1955) ). 


ExuHIsit C-6 


THe ASPHALT INSTITUTE, 
Pactric Coast DIvIsIon, 
San Francisco 4, Calif., April 18, 1957. 
Mr. A. S. WELLEORN, 
Chief Engineer, The Asphalt Institute, Asphalt Institute Building, 
University of Maryland, College Park, Md. 

DEAR Mr. WELLBORN: Transmitted herewith is the report requested in your 
letter of March 28, 1957, covering the following five Air Force bases in the Pacific 
Coast Division: 

David-Monthan Air Force Base 
March Air Force Base 

Castle Air Force Base 

Travis Air Force Base 
Fairchild Air Force Base 

Separate tabulations are presented for each of the above referenced bases in 

the order given, covering: 
Name of field and description of facility and operation ; 
List of primary use areas paved with asphaltic concrete, portland cement 
concrete, or tar rubber; 
Comparative cost figures where available and specific comments on the 
performance of the various areas based on personal observation by Division 
V engineers. 

It is our firm belief in Division V that all areas paved with asphaltic concrete 
are serving very well under current wheel loading, traffic, and operational con- 
ditions. 

Very truly yours, 
B. A. VALLERGA, 
Managing Engineer, Pacific Coast Division. 


Davis-MoNTHAN Arr Force Base, Tucson, ARIZ. 
March 27, 1957—Reported by D. G. Evans 


1. Davis-Monthan Air Force Base has an asphaltic concrete runway with 
ends of portland cement concrete. This runway has been adequately serving 
tactical B—47 aircraft operations in excess of 2 years. 

2. The following is a list of primary use areas at Davis-Monthan Air Force 
Base paved with asphaltic concrete: 


Facility Dimensions 





Feet 
ON 11,500 by 200___-__.___ 
Taxiway No. as i 11,500 by 75 1_____-_-_-- 
Taxiway No, 15._._._----_-- : , Sere, 800 by 75___.-- 
Taxiway No. 16__-...-..-_---- <u edasidaian -| 800 by 75. | 
RL EE, BE oe in écnosennasa E 800 by 75_-_-- 
Taxiway No. 18. Feb Tan _....-| 800 by 75_-_--- ewdsd oa 
eI WOO, SLL ee. ii eee. —! 6 Sa ea ree 
Taxiway No. 15-! salen ....| 800 by 75. ea 
| 
Total_..- | | 
| 








1 Was asphaltic concrete but repaired with 11,500 feet by 20 feet portland cement concrete down center. 
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3. The following is a list of primary use areas at Davis-Monthan Air Force 
Base paved with portland cement concrete : 





Facility Dimensions Area. 


Taxiway No. 14 
I seiny scr uisanus caw: evens ican ds ais cp aspttadetllnraesc te angen an 
Runway ends spittle ale i sendecenisancncell | Sean 
300 by 200 feet 


Si itinatnanenatans 


4. The following is a list of primary use areas at Davis-Monthan Air Force 
Base paved with tar rubber: 


= : : 
Facility Dimensions 


Square yards 
_| 635 by 365 feet 25, 753 
| 300 Dy 425 fetis, . nisi atenes-be 14, 167 
1,100 by 75 feet--_--- witch 9, 166 
| 
| 


Apron 


svajiteriaiiaiy hilalalicininbapieliditbeieiniinaiitigl ceiliaiiiahee i 49, 086 


(Areas described in items No. 2, 3, and 4 above pertain to primary use areas 
only. There are many obsolete features at this base that are used for storage 
that are not listed. Many of these obsolete facilities are so substandard as to 
be not much more than dust palliatives.) 

5. Cost figures for Davis-Monthan Air Force Base were not readily available; 
therefore, no comparisons have been made. 

6. During the inspection of airfields a year ago, it was the opinion of the 
operating personnel at the base that, while the main runway was satisfactory, 
it was only a question of time until it failed. Failure has not materialized and, 
as of March 27, 1957, it is performing satisfactorily under tactical operations of 
B47 type aircraft. 

During the inspection of the base a year ago, Mr. Marker and Mr. Evans were 
uncertain as to the service that could be anticipated from a sand seal coat placed 
on the main runway in the fall of 1955. Fortunately, little or no distress has 
occurred in this seal coat and, as of now, it is performing satisfactorily. 

It was also observed, during the same inspection a year ago, that taxiway 
No. 14 had a section that showed considerable distress due to the effect of chan- 
nelized B—47 traffic. It was apparent that the trouble was being caused by the 
mix, which was unstable. Since that time the center section has been replaced 
with a 20-foot strip of portland cement concrete, a portion of which is now sub- 
ject to criticism because of surface roughness. Of the 11,500-foot center section 
of concrete, 3,000 feet were ground with diamond-tipped tools to improve the 
smoothness before the project was accepted. 

In discussing the condition of the airfield with the Air Installations Office, it 
was brought out that operations personnel still complained a little bit periodi- 
cally about the porpoising of their aircraft on takeoff between 3,000 and 6,000 
feet from the northwest end of the runway. A level survey on 10-foot centers 
in both directions has failed to identify any cause or the location of the exact 
area where this porpoising might occur. It may be that something other than 
runway smoothness is contributing to this action. 

There are no complaints at the present time on this base against either asphaltic 
concrete or portland cement concrete. 
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Marcu Are Force Bass, RIversipe, CALir. 
April 8, 1957—Reported by D. G. Evans 


1. March Air Force Base has an asphaltic concrete runway. This runway has 
been adequately serving tactical B—47 aircraft operations in excess of 2 years. 

2. The following is a list of primary use areas at March Air Force Base paved 
with asphaltic concrete: 





Facility Dimensions Area 
Square yards 
I Se TO I ein san ai haendnmie 222, 822 
TE dss whic an dre sbtaeientnoabgind Ut ME AEE Scdeacnguscaneus ime 13, 600 
a ei Te a caninum iwininpeaniegns 32, 775 
EY Wenn cacccccmscc pee cies ate PatabeLesbeece Be TOO we cb cdde din nticusessdb owe 3, 000 
EE Eiki akcdskecundaccodinnnncadiihpndccssiccauasal UEP Bes bis teats hed 134, 400 
Ee Sf 3 9 a eae 89, 250 
TE aia sic sees cntcn BEDSESL LAL hie olin cline Bectale’g am abnernacalnae een aaa kdb 495, 847 


3. The following is a list of primary use areas at March Air Force Base paved 
with portland cement concrete: 











Facility Dimensions 





SI i ad ge aie : 5 
Operational apron. _-_----_-- wihdincabebiite hb ahs eee 


otis Gednnae 


4. The following are some cost figures extracted from bids taken in 1955 at 
March Air Force Base: 

(a) Structural section.—15-inch portland cement concrete on rock base. Total 
cost per square yard of structural section: $5.60 per square yard. 

(6) Structural section—4-inch asphaltic concrete on 7-inch macadam on 6- 
inch 65 CBR base on 11 inches of decomposed granite subbase. 

Total cost per square yard of structural section : $2.92 per square yard. 


CaAsTLe Arg Force BASE, MERCED, CALIF. 
April 9, 1957—Reported by Vaughn Marker 


1. Castle Air Force Base has an asphaltic concrete runway with the 1,000-foot 
ends of portland cement concrete. This runway has been adequately serving 
tactical B—52 aircraft operations for approximately 2 years. 

2. The following is a list of primary use areas at Castle Air Force Base paved 
with asphaltie concrete: 





Facility | Date constructed Dimensions Area 

Square yards 
NG ie i 1945~46 and overlay 1954__.| 9,600 x 300 feet_.._. asobbens 320, 000 
Main taxiway cpnaine ...} 1946 and 1952, overlay 1955_} 7,800 x 100 feet...........-- 86, 667 
Connecting taxiways---- ot WR oveiateecnacirats canal SEE Eee ceekcaceoee | 53, 000 
ADC area taxiways------- ---| 1955... bet cura susaaes 1,000 x 75 fect_.i.-......... 12, 500 
Compass rose taxiway-__-. ECO b5L2dbc ied atin ells 1,850 x 100 feet... - ——ae | 20, 555 
Apron behind main portland ce- | 1953_--..--- _....| 800 x 300 feet (2 areas) ----- 53, 333 


ment concrete parking apron. | 


Total area. _.__- a techs laa aa a sia rat : ee 546, 055 
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3. The following is a list of primary use areas at Castle Air Force Base paved 
with portland cement concrete: 


Facility Date Dimensions Area 





constructed 
cneeeee 
Parking apron .-_ ke wana oa) GR : 2.000 by. 1,260 feet..........-....... 450, 000 
Runway ends__._.......-- eee UNA ®RST FORD 73, 333 
Stub area taxiway --_...........-.-.-.-.-. ) ee Sl). ee natlcebl 62, 222 
Maintenance stubs-_-...........-....| 1952......... .| 200 by 75 feet by 30 areas__..._..-- 50, 000 
Connecting taxiways_.-.............-- Wie one esncine oll ae ctl anin ees sien 10, 667 
ER AE eee eee RS, A LAER ba 7, 333 
South warmup pad bakimenndaton 1955__.........| 750 by 300 feet__._- il nccdieakeh 25, 000 
North warmup pad- Sbetiadgasned pieacseeee 1,475 by 400 feet ._ 65, 556 
eens sep once mp erdpennnecn litical: MEM areeses ata th ae ce 30, 500 
ee ae ee eee nee 1955_..........| 275 by 440 feet... 13, 444 
ADC pas apron. ___-- ......-.| 1954 and 1955._| 730 by 450 feet................--- 36, 500 
ADO Banger apron. ..........-.......} G4-.........) BB Dy: 16 ah 4... 4-25 -s-- 2, 500 
Flac inits ehisish nails dahil inne 4 ea aad a 5, 000 
NE FEE WII. 0. oo  Sikeinddnpats eons 1955__.........| 120 by 80 feet by 6 areas. _....____- 6, 400 
Pt te. Soe 1955_..........| 150 by 30 feet by 5 areas.......__. 2, 500 
Bickkn ded in ahaha in diets ieee Mate ataleaate SE Or ee ict tttkh eo teesenrets 4,444 
COIR TOI, sine ocr inene idiots cabanas CE Ges tinnadencetniokscanmaivn 7, 854 
Debs Oe in ons oe hh a kd eh Eh ae el eendacadh 853, 253 





(Areas described in items 2 and 3 above pertain to heavy-duty use areas only; 
shoulders, light-load areas, and surface-treated areas are not included.) 

4. The cost figures for the various primary use areas on Castle Air Force Base 
are very difficult to obtain. This base has been built up in increments over a 
number of years, with a considerable portion of overlay work. A few areas, 
consisting of entirely new construction, were taken for cost study. The infor- 
mation on structural section and construction costs was taken from Corps of 
Engineers’ plans and abstracts of bids. 

The data for the computations below were extracted from contract documents 
representing large amounts of work at Castle Air Force Base. The extracted 
information represents only a small portion of the much larger overall contract. 
The prices and costs indicated from the extracted data are undoubtedly influenced 
by the other items of work in the overall contract from which this data was 
taken. Cost figures are as follows: 

(a) Primary runway extension, north end—Contractor: Peter Kiewit Co. 
3ids opened October 26, 1954. 

Structural section: 4-inch asphaltic concrete on 8-inch stabilized aggregate 
base course on 24-inch native soil excavated and placed back, compacted to 95 
percent density on 6-inch native soil compacted in place to 95 percent density. 

Total cost per square yard of structural section: $1.91. 

Total area of this work : 26,664 square yards. 

(b) Primary taviway extension, north end.—Contractor: Peter Kiewit Co. 
Bids opened October 26, 1954. 

Structural section: 4-inch asphaltic concrete on 9-inch stabilized aggegate base 
course on 23-inch native soil excavated and placed back, compacted to 95 percent 
density on 6-inch native soil compacted in place to 95-percent density. 

Total cost per square yard of structural section : $1.95. 

Totai area of this work : 25,000 square yards. 

(c) Portland cement concrete pavement at north end of runway.—Contractor : 
Peter Kiewit Co. Bids opened October 26, 1954. 

Structural section: 18-inch portland cement concrete pavement on 6-inch 
native soil compacted in place to 95 percent density. 

Total cost per square yard of structural section: $5.78. 

Total area of this work: 33,330 square yards. 

(ad) Portland-cement concrete pavement at the south end of runway.—Con- 
tractor: Peter Kiewit Co. Bids opened October 26, 1954. 

Structural section : 18-inch portland-cement concrete on 6-inch native soil com- 
pacted in place to 95-percent density. 

Total cost per square yard of structural section: $5.53. 

Total area of this work: 26,664 square yards. 

A small area at the south end of the runway was overlaid 10-inch portland- 
cement concrete on the existing pavement. Cost of this overlay was $3.07 per 
square yard. Total area of this work was 4,444 square yards. 


94407—57—_—-14 
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(c) ADC facilities, access, and operational aprons.—Contractor: Stolte, Inc. 
Bids opened March 21, 1955. 

Structural section: Both aprons 10-inch portland-cement concrete on 6-inch 
native soil compacted in place to 95-percent density. 

Total cost per square yard of structural section on the access apron: $5.64. 

Total area of this work: 2,328 square yards. 

Tota! cost per square yard of structural section for the operational apron: 
$5.29. 

Total area of this work : 7,920 square yards. 

5. The only distress observed on the concrete pavements at Castle was in 
the stub-area taxiway which was constructed in 1952 and consists of 11 inches 
of portland-cement concrete. The base under this concrete is unknown, but we 
surmise that it merely consists of native soil compacted in place. The distress 
in this area consists of broken slabs. The cracks are usually in a straight line 
and run both longitudinally and transversely in different places. We saw no 
serious corner breaks nor any great amount of intersecting cracks. Since break- 
ing, the cracks in the slabs have been rooted out and filled with JFR seal. Instal- 
lations people on the base indicate that they have had difficulty in keeping the 
tracks filled with the JFR seal and that they have been bothered with consid- 
erable spalling at the cracks. 

The stub-area taxiways are used to pull the B—-52 aircraft into the mainte- 
nance docks. When traveling over this taxiway, the aircraft are moving at very 
slow speeds (towed) and are not excessively loaded. 

We examined the southeast end (takeoff and landing end) of the primary 
runway rather carefully. There is not much change in appearance of the 
asphaltic concrete in this location from our examination a year ago. One 
patch has been placed at the junction of the asphaltic concrete and portland- 
cement concrete and straddling the centerline by about 20 feet on each side. 
Apparently the asphaltic concrete has been pounded down by the traffic until 
patching was necessary. There was some evidence of this a year ago and in 
our inspection report of that time, we indicated that this repair would probably 
be necessary in the near future. 

About 6 months ago 1,500 feet of the runway was worked over with a heater 
planer and subsequently overlaid with asphaltic concrete. This work was 
undertaken in order to eliminate surface roughness that existed at that time. 
The work was extremely successful and both operations people and ground- 
maintenance people are highly pleased with the results. 

They plan to do another 4,000 feet of the same treatment this year. This 
4,000 feet will take care of the remainder of the old portion of the asphaltic 
concrete runway up to the portland-cement concrete at the southeast end. 


Travis Arm Force BASE, FAIRFIELD, CALIF. 


April 16, 1957—-Reported by W. R. Lovering and Vaughn Marker 


1. Travis Air Foree Base has two parallel runways, both of which are asphaltic 
concrete with portland-cement concrete ends and are serving current operations 
satisfactorily. The primary SAC aircraft stationed at this base are B-36’s. 
The field has not been used by either B-47 or B—52 type aircraft except on occasion. 

2. The following is a list of primary use areas at Travis Air Force Base paved 
with asphaltic concrete: 


Facility Date constructed Area 


Square yards 
Runways._.....-.- ‘ ..| Prior to Jan. 1, 1950 226, 710 


BE cciakbinecucwscancancecal Meee ab Eebess h 44, 872 
Taxiways whatpaaees he Prior to Jan. 1, 1950 103, 554 
TR ihida is bh tw acne hacia RI UN Tig ee tcenitieanirinteiaticae dehiglatarmein 37, 092 
ciAnthaskcnentiniie ene : 111, 402 


eee 5 


(Some of the very old taxiways in use prior to January 1950 are now available 
for emergency use only. The structural section is inadequate for anything over 
approximately 25,000 pounds. ) 





mw NS 


Nw db 


=! 
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3. The following is a list of primary use areas at Travis Air Force Base paved 
with portland-cement concrete : 








Facility Date constructed Area 
Square yards 
Runways-.-- seowenwessmkisel Re Oe See Eh Peas ten caps cacladsles sac katicenee 85, 683 
WO soon keen eS ee ete eee ae Sree 22, 222 
OE onli Alaaciaie ....| Prior to Jan. 1, 1950_. i aad ee ale a 184, 089 
Do_. 5 meeenee accom oeeciencediell’s EEE Ges Tianna: bia hi hic ons lnintie ce eaneaaeinenienie 30, 042 
ERS ...-..-| Prior to Jan. 1, 1950. ___- dete staancalieteans kite dida-a chaste a 663, 847 
IIS cic cocierchsscqeenniensien seep tsclon pana ae saighausnc cneeleaetadicaneseatencadeta alae aecasceniapeadaal 333, 111 
RRR RR ee yee Ft a ee ee A eee ok 15, 555 
i ccidipaccenhenicicaedias ssncranis cows dinndsanomsancpaneaaaate ial aeena ie aea nina 1, 334, 549 


4, A small area of the ADC apron facilities is paved with tar concrete. The 
total area of this type is 9,217 square yards. 

5. Cost figures for Travis Air Force Base were not readily available; there- 
fore, no comparisons have been made. 

6. A visual inspection of the ADC facilities indicated that the aprons, which 
are part asphaltic concrete and part tar concrete, are both in excellent condition. 

The entire apron was constructed of asphaltic concrete several years ago. 
Approximately 6 months ago work was completed on removing strips of the 
original asphaltic concrete and replacing them with tar concrete. The tar con- 
erete strips are presently used for parking fighter-type aircraft undergoing 
maintenance. There seems to be no visible distress in the tar due to fuel 
spillage, etc. 

Both runways appear to be in good condition. There are no visible evidences 
of distress on either the asphaltic concrete or the portland cement concrete 
portions due to the loads that have been imposed to date. Except for inter- 
mittent touch-and-go landing, no use has been made of these runways by B-52 
or B47 type aircraft. One of the runways has a very extensive subdrain 
system underneath it and it is the opinion of the base maintenance personnel 
that the excellent performance of this runway, in part, can be attributed to this 
fact. They also believe that, due to this construction, the runway will probably 
be capable of withstanding B—52 aircraft, if and when they are assigned to the 
base. There are no problems or complaints concerning the runways by either 
air installations personnel or the base operations personnel. 

Virtually all of the parking and maintenance areas on the base, with the ex- 
ception of the ADO facilities, are portland cement concrete. Some of these 
areas apparently are approximately 15 years old and built to the standards of 
their time. All of the portland cement concrete aprons, regardless of their age, 
are in very good condition. There is little, if any, distress apparent due to the 
loads (B-36) that have been imposed to date. Again, there are no problems or 


complaints by either the air installations personnel or base operations personnel 
on these concrete areas, 


F'arRcHILD Arr Force BAsE, SPOKANE, WASH. 


April 10, 1957—Reported by Rodney P. Ryker 


1. Fairchild Air Force Base has an asphaltic concrete runway with a portland 
cement concrete runway extension at the northeast end. To date, neither 
B-47 nor B-52 type aircraft have been used at this station, but there has been 
extensive use of the B-36 aircraft ever since completion of the new runway in 


1952-53. It is anticipated that B-52 type aircraft will be phased into the 
station as they become available. 
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2. The following is a list of primary use areas at Fairchild Air Force Base 
paved with asphaltic concrete: 


| Total pave- 





Pavement 
Facility Date | ment and thickness Area 
base (asphaltic 
concrete) 


| | 





Inches Inches Square yards 
24 © 9 











Northeast-southwest runway-...........- 1951, 1952 and 1953_ | 4 233, 
eo. ees eunneabiobeed + EES 24 4 122, 122 
Taxiway No. ad AS en ocean i 24 4 44,111 
Taxiway No. 3.___...--- Se ee ee eS aes 24 4} 24, 444 
Taxiway No. 4.._....---- Riese ae ee ea 24 4 20, 544 
Taxiway No. 5..........-- antl Ptaindncte wee | 24 4 7, 222 
I asia nhacnl itch rte  — ad 18 4) 17, 100 
Taxiway No. 7_- Sah eee ic ee 24 4| 8, 888 
Ladder taxiway No. 1.___-_---_----------|----- do... baa 24 4| 99, 222 
Ladder taxiway No.2..................-.|..... do... 24 4| 10, 033 
a imencegababaasell do 24 4 55, 650 
Northeast warmup apron. -._......... oy ae SS Ne 24 1 42,770 
Southwest warmup apron.__-_...........|---.- MG cc oda 24 4 22, 041 

Is Bi. ines nchct chiar esisindotnshiicelie inne dices dentin abit ~ ul bacadinn ale Riad wick ein due 707, 480 
Hardstand service area..................- 1951, 1952 and 1953_ 24 3 31, 500 

| ANSARI EARN Sa, eS RE Aaa, Rae e ex mentee esd mance : 738, 980 
Northeast-southwest runway widening | 1956__._........... 24 4 157, 011 

and extensions. 
 GRnG GUNN Fn coc nnccnadkcrsccéutcuibckcbauesebeomehenseune 895, 991 


3. The following is a list of primary use areas at Fairchild Air Force Base 
paved with portland-cement concrete: 


Total pave- | Pavement 





Facility Date ment and thickness Acea 
base 
Inches Inches Square yards 
NR oe ed eb ane eaben 1956 24 CC-16 
saab decils dcivtnlainttces ictal gith -| 1956 24 PCC-16 35, 000 
sik iviscect ciingltibhabirsisniotbakihaa 1956 24 PCC-16 284, 444 
Total area of portland cement concrete. ........|_.......]----....------]----------...- 347, 221 


4. Cost figures shown below are based on the 1956 contract. Figures on earlier 
contracts were not readily available. 

(a) Northeast-southeast runway widening and extensions.— 

Structural section: 4-inch asphaltic concrete on 6-inch crushed rock base 
course on 14-inch crushed rock subbase course on compacted subgrade. 

Total cost per square yard of structural section: $2.515. 

Total area of this work: 157,011 square yards. 

(b) Northeast-southwest runway extension (NE) .— 

Structural section: 16-inch portland cement concrete pavement on 4inch 
crushed rock base course on 4-inch crushed rock subbase course on compacted 
subgrade. 

Total cost per square yard of structural section: $4.99. 

5. The pavement evaluation report by the Corps of Engineers, dated July 1955, 
had the following statement concerning the pavement condition: 

“Pavement failure occurred on taxiway No. 6. Pavement was patched at 
least twice. Ladder taxiway No. 1 shows indications of rutting and contains 
longitudinal cracking. One electrical duct bank crossing runway settled after 
first winter. The pavement was patched with hot asphaltic concrete mix and no 
further settlement occurred. A _ hot-mix overlay on primary runway 
between station 81+-50 and station 86+-50 to level a rough area caused by con- 
solidation of compressible foundation materials.” 

Interview with Harry P. Stokes, installation engineers office, April 8, 1957. 
— is the civilian engineer in charge of maintenance of the base for the 
AIO. 

We were shown photographs dated March 1957, taken by the Air Force, of base 
consolidation caused by channelized traffic. There were numerous photographs 
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taken in different locations on taxiways and hangar access stubs, showing rut- 
ting up to 2 inches deep. Parallel longitudinal cracking was evident in the 
photographs with cross ladder cracks beginning to appear. There also was 
some complaint about asphaltic concrete softening when exposed to oil and 
fuel dripping, and the statement was made that they did not have the man- 
power to do a good housekeeping job. 

The primary runway is in excellent condition according to Stokes, with no 
distress except that which occurred shortly after construction and mentioned 
in the Corps of Engineers evaluation report. This particular individual feels 
that runways can be built of asphaltic concrete to handle B-52’s. 


Tue ASPHALT INSTITUTE, 
SoutHWEST DIvIsION, 
Dallas, Tezr., April 10, 1957. 
Subject: Dyess Air Force Base construction costs. 
Mr. A. S. WELLBORN, 
Chief Engineer, the Asphalt Institute, 
College Park, Md. 

Attached are two copies of paving costs on Dyess (Abilene) Air Force Base 
which includes the new construction completed on December 22, 1954. This in- 
formation was obtained from the contractor’s final estimate; therefore, the 
quantities are somewhat different from the original plan quantities. I want 
to call your attention to the fact that the square-yard cost of the four different 
sections of flexible pavement includes the extra width base course and subbase 
materials for shoulders. J 

This airfield has been carrying a medium volume of B-47 traffic for over 
2 years with no real signs of distress. Condition of pavement of this air base 
was reported to you March 26. 

Hue A. WALLACE, 
Managing Engineer, Southwest Division. 


Dyess (Abilene) Air Force Base, Abilene, Tex., (formerly known as Tye AFB), 
cost data from contractors final estimate construction completed Dec. 22, 1954 


FLEXIBLE PAVEMENT COST 
North-south runway, station 200+00 to 260+00; 133,333 square 


yards: 
Crushed stone base course, 6 inches, 22,222 cubic yards, 


OC EN asain ss steno cstnae nenrtetteats teat ieee ines ald $71, 332. 62 
Subbase No. 1, 10 inches, 41,736 cubic yards, at $2.70_..__._____ 112, 687. 20 
Subbase No. 2, 25 inches, 98,464 cubie yards, at $2.60.__._..____- 256, 006. 40 
Prime coat, 39,200 gallons, at 14 cents__.__..---_-_..----_-_- 5, 488. 00 
Tack coat, 4,150 gallons, at 16 cents_____.__._______----.__.. 664. 00 
Hot mix surface course, 1% inches, 10,987 tons, at $4.79______ 52, 627. 73 
Hot mix binder course, 214 inches, 18,340 tons, at $4.88______- 89, 499. 20 
Asphalt for hot mix, 327,172 gallons, at 10 cents_______-_--__ 82, 717. 20 

I aa ec nincsick ach site Spacing haben phere te th aR ee ee 621, 022. 35 


COOGEE GI WRI sins hep nce seninasbinacehtenhnoeina a cameaaae 4. 657 


North-south runway station 260+00 to 292+-00; 71,111 square 
yards: 


Crushed stone base course, 6 inches, 11,852 cubie yards, 


Ot $B.Dh unc ccceciied th bh SS ek ad 88, 044. 92 
Subbase No. 1, 10 inches, 22,350 cubie yards, at $2.70_._______ 60, 345. 00 
Subbase No. 2, 16 inches, 33,101 cubic yards, at $2.60__.______ 86, 062. 60 
Prime coat, 20,906 gallons, at 14 cents_..-_.-_-...-_-_---_- 2, 926. 84 
Tack coat, 2,150 gallons, at 16 cents__.___..__--_-.__---.--_- 344. 00 
Hot mix surface course, 14% inches, 5,925 tons at $4.79__..___- 28, 380. 75 
Hot mix binder course, 2% inches, 9,890 tens at $4.88__._____ 48, 263. 20 
Asphalt for hot mix, 176,432 gallons, at 10 cents._.........- - 17, 643. 20 

FO cscs ssscsssinsesisccestnltbbsticces sncedhticncnastaariciaariaieaeeaema ae eee 282, 010. 51 
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Dyess (Abilene) Air Force Base, Abilene, Tex., (formerly known as Tye ANB), 

cost data from contractors final estimate construction completed Dec. 22, 1954—Con. 
FLEXIBLE PAVEMENT Cost—continued 


North-connecting taxiway and taxiway Y; 18,638 square yards: 
Crushed stone base course, 6 inches, 3,106 cubic yards, 





I ik sate shina casein haa an da al Ee A lis $9, 970. 26, 
Subbase No. 1, 10 inches, 5,905 cubic yards, at $2.70__________ 15, 943. 50 
Subbase No. 2, 30 inches, 16,331 cubic yards, at $2.60__..__.___ 42, 460. 60 
Prime coat, 5,490 gallons, at 14 cents__....____.___....._._- 768. 60 
‘Zeee ecat, 500 palions at 16 cente- 89. 60 
Hot mix surface course, 114 inches, 1,534 tons at $4.79_____-_ 7, 347. 60 
Hot mix binder course, 2% inches, 2,609 tons, at $4.88_______- 12, 731. 92 
Asphalt for hot mix, 46,219 gallons, at 10 cents___.._.._______ 4, 621. 90 

ee ila id ig en anda eee meee e iets nage aeeibeeedd 93, 933. 98 
SD TIED GI aera ericcetccien thence rane dee 5. 039 

South-connecting taxiway and taxiway Z; 19,002 square yards: 
Crushed stone base course, 6 inch, 3,167 cubic yards, at $3.21_ 10, 166. 07 
Subbase No. 1, 10 inch, 6,005 cubic yards at $2.70___________ 16, 231. 50 
Subbase No. 2, 20 inch, 11,060 cubic yards, at $2.60__________ 28, 756. 00 
Prime coat, 5,587 gallons, at 14 cents___._._-_.___.__________ 782.18 
Tack coat, 596 gallons, at 16 cents____.__._________________ 95. 36 
Hot mix surface course, 114 inches, 1,564 tons, at $4.79______ 7, 491. 56 
Hot mix binder course, 2% inches, 2,661 tons, at $4.88_._____ 12, 985. 68 
Asphalt for hot mix, 47,141 gallons, at 10 cents____________ 4, 714. 10 

Sth Se = 2 loan omsienaibnetatuncan nse ah nits ani Sa 81, 222. 45 

Or NN INURE I si si i es eae 4. 274 


RIGID PAVEMENT COST 


Apron, 1 taxiway and 1 runway end; 448,265 square yards: 
Portland cement concrete pavement, 16 inch, 448,265 square 


EPG, Ot Geo... acca ees sah 1, 479, 274. 50 
Select material subbase, 6 inch, 75,159 cubic yards, at $2.25__ 169, 107. 75 
Cement, 252,064 barrels, at $3.20... 819, 208. 00 

OOM ete eh ened i tin dt el 2, 467, 590. 25 
ROP OE RUG I ii i eis cis cls chcapencrasteaaats 5. 505 


One taxiway and 1 runway end; 55,555 square yards: 
Portland cement concrete pavement, 16 inch, 55,555 square 


SLE, WOR CIR a ica ic ccc msc iebihacacahets est ghabeaccisatcid aie ete 183, 331. 50 
oat, 31,408 Sevres: at Gliese ee 101, 250. 50 
FN iinet ca catsiesiaded See) ee ee Bs Leet we OE OSS 284, 582. 00 
RE Ir UCONN FI isc ee Sache Ane icp eh ceiecroseincieadhs 5. 126 


Tue ASPHALT INSTITUTE, SOUTHWEST DIVISION, 
Dallas 6, Tex., April 10, 1957. 
Subject : Altus Air Force Base construction costs. 
Mr. A. S. WELLBORN, 
Chief Engineer, The Asphalt Institute, 
University of Maryland, College Park, Md.: 


Attached is construction cost data just received from Mr. H. S. Hudson. 

You will note that the first sheet is cost data on the flexible pavement con- 
structed by Metropolitan Paving Co. and is the pavement (apron, taxiways, 
and runway) that we inspected about 1 year ago. Pavement remaining in place 
since our inspection has not changed very much; however, some areas have 
required considerable maintenance. 

The second sheet is cost data on the Peter Kiewit Sons & Co. contract that 
is still in progress. It covers the replacement of flexible-type apron with port- 
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land cement concrete only. The Kiewit contract also included runway widen- 
ing and lengthening, but cost data on this portion is not stated. 


Huexu A. WALLACE, 
Managing Engineer, Southwest Division. 


Altus Air Force Base—Runways, apron, taviways 


Contractor: Metropolitan Paving Co. 
Bid: (all items) $3,058,205. 
Final: (all items) $2,988,613.78—February 18, 1954. 


RUNWAYS 


4-inch asphaltic concrete : 114-inch surface ; 214-inch binder. 
CBR values 
80. 6-inch crushed stone—100-percent Proctor. 
58. 6-inch salvaged existing material+20 percent sand—100 percent Proctor. 
37. 5-inch dune sand—100 percent Proctor. 
15-20. 7-inch select soil—95 percent Proctor. 
Basis: 
Prime, 0.30 square yard, at $0.14 
EC, SLC Re i, We ee pcs een eniee concn icici aaaendil 
Asphaltic concrete, 6 percent at $0.0132 per pound 
158 pounds/square yard at $4.70... ee ee 
295 pounds/square yard at $5.04 ton 
0.166 cubic yard at $5.49 cubic yard 
0.166 cubic yard at $0.89 cubic yard 
0.139 cubie yard at $1.17 cubie yard 
0.194 cubic yard at $0.19 cubic yard 
1 square yard at $1.14 per square 


Cost per square yard 
200 feet wide by 10,800 feet long. Design—100,000 pound wheel load. 
APRON 


4-inch asphaltic concrete: 14-inch surface ; 2%4-inch binder. 
6-inch crushed stone. 
5-inch salvaged existing base+-20 percent sand. 
6-inch dune sand. 
6-inch old portland cement concrete. 
Basis: 
Prime, 0.30 square yard at $0.14 
Tack, 0.15 square yard at $0.14 
Asphaltie concrete, 6-percent square yard at $0.0132 per pound 
158 pounds per square yard at $4.79 per ton 
295 pounds per square yard at $5.04 per ton 
0.166 cubic yard at $5.49 cubic yard 
0.139 cubic yard at $0.89 cubic yard 
0.166 cubic yard at $1.17 cubic yard 
Cost per square yard 
Additional apron widened 150 feet consisted of additional material to total 
thickness of 32 inches. Cost not figured. 


Maintenance by contract to Steelman Construction Co. for sealing runways 
and taxiways for $33,278.50, August 1956. 
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Altus Air Force Base 


Contractor: Peter Kiewit Sons & Co. 
Bid (all items): $3,016,161. 
Contract let: August 15, 1956; still in progress. 





Design 240,000 Gear load 
criteria pounds 


. Grading d Sum | Job. 
. Removal oat replacement of unsuitable subgrade 3, 500 5,000 | Cubie yard. 
material. 

. Removal of KC-97 nose dock from south end of 5, Sum | Job. 

apron. 

. Replacement of KC-97 nose dock on south end of ; Sum Do. 
apron. 

Portland cement concrete pavement__-_.......-~- 180,000 | Cubic yard. 

Cement for concrete pavement- , 042, 270,000 | Barrel. 

. Replacement of concrete pav ement in test holes. _-- . 10 | Each. 

Asphaltic-concrete pavement -- 52, Sum | Job. 

. Filter course —s wisisbeiuha titiéticn eimai f 330,000 | Square yard. 

. Blast area markings- bass eaalasd teoechenilieiincdiapaceia eae Sum | Job. 

. Tie-down anchors. -- (inte Sobicenneainan 3,200 | Each. 


— 
> 


SOKONISm oF Ww 


ao 


Based on total cost of bid items 4, 5, and 8 for 330,000 square yards, the cost 
per square yard is $7.984. 

By telephone to engineering section, Altus Air Force Base, the total square 
yards of asphaltic concrete on runway and taxiways will be 561,253, and of 
portland cement concrete will be 758,281 when Kiewit job is finished. 


THE ASPHALT INSTITUTE, 
MIpwWEsT DrvisIon, 
St. Paul, Minn., April 22, 1957. 
Re Air Force base information. 
Mr. A. S. WELLBORN, 
Chief Engineer, The Asphalt Institute, 
College Park, Md. 

Dear Mr. WELLBORN: Herewith is information on the following Air Force 
bases: Smoky Hill Air Force Base, Kans., and Forbes Air Force Base, Kans. 

We are led to believe that both of the above two fields are performing satis- 
factorily. 

Ellsworth Air Force Base, Rapid City, S. Dak.: 

As you will note, this latter airbase has been under almost constant construc- 
tion since 1942. We were unable to get the cost records for this work. We were 
informed by the Corps of Engineers at Omaha that a performance survey has 
been made and that it was in the Office of the Chief Engineer in Washington, 
D. C. I believe it was also understood that they had a complete cost record on 
file there. It is our general impression that this field is giving good performance 
for B-36, B-47, and B-52 operation. 

Little Rock Air Force Base, Ark. 

Air Force Base, Minot, N. Dak. 

Lincoln Air Force Base, Lincoln, Nebr. 

Air Force Base, Grand Forks, N. Dak. 

Very truly yours, 
W. L. HInpeRMANN, PE., 
Managing Engineer, Midwest Division. 
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Smoky Hill Air Force Base, Kans. 





Feature Area Thickness 





Deeg IPG oies.. ei. UE ES 296,000 | Interior, 12-14-inch overlay on 8 inches. 
Interior, 16-17 inches. 
North end, 19 inches. 
South end, 17 inches. 


Parking apron............- Siac Seid decid 185, 900 | 18 inches. 

BI Eis ncbbidé cde til dain nadtibinn denmmneel 301, 200 | 17 inches. 

BIO 5 cinandkiatieded ati ihndsaadtiibdadarcncas 355, 300 | 13-15-inch overlay on 8 inches. 
ES NWO ivi a delet ce dein Je ct doccaschnuenie 17 inches. 2 
South taxiway.........__.- £1 tactile aomecbatidele 9, 200 Do. - 28 
pg EROS, La a ES Bae 23,021 | Taxiway, 19 inches." 
North warmup pad_.. Cs edeleiana: leks Salbconestocecpansaiucinela/eetegealiintied ocieiisaoeainannne Warmup pad, 17 inches. 


Apron-access taxiway 


ite Rise davshs axsephsadieplibosencd been 62,930 | 17 inches. 
Hangar apron- oe Re a 73, 270 Do. 
Calibration hardstand._._._._.-.-------------- 12, 000 Do. 


COST DATA 


Cost on portland-cement concrete construction 1952-56: 


16 inches at $6.32, $6.43 square yard. 

17 inches at $6.67, $7.55, $6.72, $6.90 square yard. 
17 to 19 inches at $8.01 square yard. 

19 inches at $8.66 square yard. 

Overlay, $13.75 cubic yard; $14.19 cubie yard. 


Asphalt construction on these bases is limited to pavement shoulders that 
are 25 feet in width with 13 inches of base and 2 inches asphaltic concrete. 

These runways were initially built in 1942 and 1943 with overlay construction 
indicated being built in the years between 1952 and 1956. Runways are 200- 
feet-wide portland-cement concrete construction placed on subgrade. 


Forbes Air Force 7 Lace! | a a er aan wees an cot Kans. 


Feature Area Thickness 


Square yards 
Runway 13-31_- 


Runway 3-21 Se ane em eked ae 178, 000 








eeliladiigint Lin tiediieaae’ 284,000 | Ends, 17 inches; interior, 16 inches. 
Ends, 18 and 15 inches; overlay, 10-8-10 inches; 
interior, 14 inches; overlay, 10-8-10 inches. 

Fe En. « ommtrtnnntcin ate bediiiabadied 250,000 | 14 and 15 ‘inches; overlay, 9-7-9 inches. 

il bisa sccdsicncamiginthi, tlic ma kcctaicaed | 59,000 | 13 and 14 inches; overlay, 10-8-10 inches. 

Do... wien 138, 000 | 17-inch portland-cement concrete. 
Parking apron, warmup ‘pad, taxiway -. 593, 000 Do. 
PT CNS coin erntcchendiitobisatiacca | 34,000 | 16 and 17 inches. 

a ees eccihe a edie 42,000 | 16 inches. 
Taxiway and warmup ‘pad. aio Beta sneschacainiecb 54,000 | 18 inches. 

Sila tsccaibarindicaatioii Ree Fae 124, 000 | 17 inches, 
Taxiway and calibration hardstand_. | SS 000 | Do. 
Hangar-access taxiway_.............__- I Do. 

COST DATA 


Cost of portlant-cement concrete construction from 1952-1956 : 
16 inches at $6, $5.86 square yard. 
17 inches at $6.37, $6.70, $7.54, $6.20, $6.81 square yard. 
Overlay, $14 cubic yard. 


Asphalt construction on these bases is limited to pavement shoulders that are 
25 feet in width with 13 inches of base and 2 inches asphaltic concrete. 

These runways were initially built in 1942 and 1943 with the overlay con- 
struction indicated being built in the years between 1952 and 1956. Run- 
ways are 200-feet-wide portlant-cement concrete construction placed on subgrade. 
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Ellsworth Air Force Base, Rapid City, 8. Dak.—History of construction 


Part of field Approximate} Date Construction 


square yards 


Northwest-southeast runway 


Northwest-southeast 
extension). 


runway end (southerly 


Northwest-southeast runway extension 
erly extension). 


(north- | 


Taxiway No. 1 from northwest-southeast runway 
end. 


Taxiway from rigid runway extension___.- 


Taxiways 1, 2, and 3___-_-_- 


Taxiway to loading docks_- 
Taxiway in front of parking 


Parking apron_______- Bela 
(Note: A small part of this is 4-inch asphaltic 
concrete over 7-inch portland cement and 
1144-inch flexible (asphaltic concrete over- 
lay in 1956.) 
ee 


Maintenance aprons M2 and M3 (built around 
taxiways 1, 2, and 3). 
Maintenance aprons M4 and M5 


Taxiways along aprons and connecting taxiway | 
No. 2. 


Heavy maintenance apron and taxiway G 
Center connecting taxiway 


2 warmup pads__ 


Wash rack- 
Air Defense Command alert. - 


M6, extension to M5, extension to L1, 2, and 3, 
taxiways and extension to south apron. 





1 Under construction. 


73, 400 


42, 000 


33, 700 


198, 500 


100, 000 


42, 300 
81, 400 


71, 400 


103, 000 


17, 100 


25, 300 


5, 300 


8, 340 


81, 000 


1951 
1943 
1942 
1942 
1950 
1950 
1950 
1956 


1953 
1942 
1953 
1954-55 
1955 


1950 


1950 


1956 


1954 


1951-52 


(') 


5-inch asphaltic 
overlay. 

7-inch portland cement. 

3-inch asphaltic concrete. 

8-inch gravel base. 

3-inch asphaltic concrete. 

12-inch base. 

15-inch subbase. 

19-inch portland cement (end 
1,000 feet). 

17-inch portland cement 
(center 2,000 feet). 

4-inch portland cement base. 

3-inch asphaltic concrete. 

12-inch base. 

15-inch subbase. 

19-inch portland cement (out- 
side). 

22-inch portland cement 
(center). 

4-inch base. 

21-inch portland cement. 

4-inch base. 

4-inch asphaltic concrete. 

12-inch base. 

29-inch subbase. 

4-inch asphaltic concrete. 

12-inch base. 

| 28-inch subbase. 

14-inch tar. 

246-inch asphaltic concrete. 

12-inch base. 

27-inch subbase. 


concrete 





214-inch 
overlay. 

7-inch portland cement, no 
base. 

13-inch portland cement 

4-inch base. 

17-inch portland cement. 

4-inch base. 

4-inch asphaltie concrete. 

6-inch base. 

33-inch to 42-inch subbase. 

4-inch asphaltic cement. 

| 12-inch base. 

28-inch subbase. 

4-inch asphaltic cement. 

12-inch base. 

28-inch subbase. 

19-inch portland cement. 

4-inch base. 

17-inch portland cement 
(wings 12-inch). 

4-inch base. 

2-inch asphaltic cement. 

| 6-inch base. 

| 15-inch subbase. 

| 19-inch portland cement. 
4-inch base. 


asphaltic concrete 





There is a total of approximately 935,000 square yards of flexible and 449,000 square yards of rigid pavement 


on this airbase. 
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Littte Rock Arm Force Base 


Asphalt 





} 
nts of pavement | 

Area Cost per 
square square 





Date completed Designation area | Length) Width 














| Sub- Base | Asphaltie| yards yard 
base | concrete | | 
as — _ | ee nr —}— 
| | | ae 
Inches Inches | Inches Feet Feet 
August 1955 } 1414 | 16 4 i: Primary runway .| 8, 100 200 180, 090 $3.14 
istrecsnek ; Seek pe oe 4 | East taxiway_____| 21,000 75 8, 350 3.37 
Biase ot! Se 2 ees 4 | beer ade SLL 75 6, 750 3. 37 
Do. a 117 | 16 | 4 |. Dace iS 720 75 6, 750 3. 37 
Do_- teal 117 | 16 | 4 | MS her iie eck 627 75 5, 225 3. 37 
October 1955_._____| 117 16 | 4 | Access taxiway_- 112. 5 7 937. 5 3.37 
' 1 





! Crushed rock 
2 Curve approximately. 


PRESENT CONDITION AND PERFORMANCE RECORD 


Asphali-paved areas.—The Corps of Engineers’ office in Little Rock has indi- 
cated that the general performance of the runway has been good. However, the 
transition area from the rigid portland cement to asphaltic concrete on either 
end of the runway has shown distress and at the present time the asphaltic 
concrete is somewhat lower than the rigid material. It has been necessary to do 
some maintenance work in order to minimize this drop in elevation from rigid to 
flexible. Also, in similar transition points on the taxiways, there has been an 
even greater degree of maintenance necessary, which is believed due in part to 
channelized loading on these sections, but even on the taxiways no apparent 
distress has developed outside the transition area. 


Portland cement 











| Components of nl | 
pavement | - Onn 
eee Area ‘ost per 
Date completed | Designation area Length; Width | square square 
Portland | yards yard 
Base cement } 
| concrete | 4 
| “ere ay 
re Inches | ‘eet ad Feet 
August 1955_.....___-. -| None 15 | West end of primary | 1, 000 200 |22, 222. 22 | $5. 06 
runway. 
aS cc del aes 15 East end of primary 1,000 | 200 |22, 222. 22 5. 06 
runway. 
Do l abawdie ced None 15 | Operation area and 8, 460 75 '572, 027.7 5. 06 
| taxiway. 2a 3, 925 1,150 | 
| 





Portland cement paved areas.—There has been no apparent distress developed 
on the portland cement areas to date. However, considerable work has been 
done to develop a method for better sealing of joints between the slabs since it 
is apparent that the water is moving down through the joints on to the subgrade, 
and without question in all future designs of this type a granular subbase will 
be specified, which will in part provide a satisfactory foundation for rigid 
pavement even though the joints are not properly sealed. 
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LINCOLN Arr Force BAsE, LINCOLN, NEBR. 


Type traffic: B-47, commercial and jet fighter. 
Volume traffic: Approximately 2,800 to 3,000 B—47 landings per month. 


NORTH-SOUTH RUNWAY 


Physical layout: 
Runway width: 200 feet. 
Going from south to north: 


Section A : 1,000 feet portland cement concrete—Completed January 1955 
Section B: 8,600 feet asphaltic concrete—Completed January 1955 
Section C: 1,000 feet portland cement concrete—Completed January 1955 


Section D: 2,300 feet portland cement concrete—Completed September 
1956 


Pavement design: 
Section A: 19 inches portland cement concrete on 4 inches granular filter 
course 

Section B: 
1% inches surface course 
2% inches binder course 
6 inches—80 CBR base material 
7 inches—35 CBR base material 
16 inches and 30 inches—20 CBR base material 


Going from south to north the following thickness changes are made in flexible 
pavement: 


Total thick- | Thickness 
ness (inches) 20 CBR 
material 


Distance (feet) 





Section C: 19 inches portland cement 
course. 


Section D: Going from south to north the following thickness changes were 
made in rigid pavement : 


concrete plus 4 inches granular filter 


Total Thickness Thickness 
thickness portland ce- | granular fil- 
(inches) ment con- ter course 

crete (inches) (inches) 


Distance (feet) 


17 
19 
21 





The 21-inch portland cement concrete is considered blast area. Warmup pads 
are of 19-inch portland cement concrete plus 4-inch granular filter course. 


Total area represented in square yards 


| Flexible 
(a) Runways... .--. 
(5) Taxiways 


ies ably sein bunds akeamiiaipeaaaee aliases eae 191, 092 


(c) Parking and operational apron assichind aA tei 
EE ee ee 
(e) Warmup pads 











wee eS 
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Cost per square yard, each pavement design 


Pavement section Total thickness Cost 








per 
Square yard 

ae CO ah in cicincedccdetbcelsctbeealen Gi won cdcketcsstheticincddicm nantes $4. 69 
a A a a i Gf -nepmvmconntnsmermgnenvonsor= 6. 28 
Flexibie taxiway -- yg eb SL RAM a. 6. 82 
Rigid runway-.-_... ae (17 — cement plus 4) 7.00 
EP icad sakdcnaipanns tiedoubalieatdadsai 98 CO plae DO) «ds cnsincenss~ cuss 7. 87 
Rigid taxiway and blast_...................... Fh ITER Wil cheninuacnninindtemiiniideendatiies 8. 56 





All rigid pavement sections have 4 inches of granular filter course. 


The following typical densities obtained from construction records were used 
to calculate cost per square yard: 


Pounds per 

cubic foot 

$0 GOBR baece me tewlele nic incense ccincaccdiibmaizannereeneun 137.0 

AD NNR TR CON cic =i istinkiincraiihidnste weiisitooramionmapseianlantininiestinasiumaiaiiacaentah nieitaaae 136. 4 

BE CER | DAS - mA asks this ces skn iniceniwnclichattndnansiaieae 136. 4 

Binder course, 4 percent asphaltic concrete___._--_-_-_--------____--___- 147.0 

Surface course, 5.4 percent asphaltic concrete____._____--_-___-__-__---.- 147.0 

Sremulas Bite . COUT i iii Bi csp cinliiantncilieitinn attic edcpaed gaia 122.0 
Unit price and final quantities 

Unit Unit Final 


price quantities 


North-south runway: 









POT TRGGP QOUTID ii wines cika dni cdndned) icticnbctinbnwusbl a $2. 00 9, 021, 87 
Sense pavement. ie ied Cubic yard_. 7.50 23, 542. 54 
ee ..} Barrel......- 4.00 33, 842. 40 

35. CBR ‘subbase_- oat ca nidiatiinnse 2. 20 80, 129. 16 
Fp Se SND i cinecccicnsacctccatinccnctandsntvcbdbasecdealenl eatin 2. 20 213, 560. 66 
CO RS osc sn cd cbanecdchiiie bbdaedtnkepeiebchheeel ci 2. 85 70, 353. 26 
rE SBE Pe RE ee ee Gallon ____.. 12 73, 780. 30 
EFINIIEE Gls isé-ncospeeeeaiadacetnitigbiecicic-pptshipagumiennhiahaniades eines aaa rena .12 8, 149. 30 
OEE, creinrcncithiewes Pilansimdbtesshccblelebiirndmatele Riitest scars 4.70 16, 648. 60 
Binder course _-. ddan eigen igen earned 4.70 27, 183. 40 
. en he, material for binder and surface course.._.-.._-.-- Gallon. _.... .08 487, 318. 50 

‘axiwa: 

Geomaier filter course 2.00 6, 503. 60 
SI rch lonessactccnaulidecsoeusiensnaben 7. 50 19, 585. 34 
Cement for paving... 4.00 16, 098. 71 
Nn, Le, sadn giperecibion en ubaaioneaao instore aaa 2.20 12, 462. 30 
EE ID aki icoduicncscoewdnntnbeinbeitunmsimbaasadnnanee 2. 20 35, 777. 99 
ES Wis ncinciidinadsnnmigisinetacthiionsntinnnintheantinnitnatiaial 2. 85 12, 020. 05 
i ncenddianceaatindeeinmroncuibeennnid eigewnnainiineintinnindaaiaa -12 17, 904. 00 
EE Ci latn s+ dose cis traction ak Rin winie Stems ddapebansn odatiadsanhkmenaahticene nani -12 699 00 
ED QUID. dino sine dlcenss cchietamplncwddiiduapeae anand 4.70 7, 780. 00 
GEE CIR Sinisa ccahecdcapetbinsntcetetsténecnuiionl 4.70 4, 123. 25 
Bituminous material for binder and surface course -08 144, 323. 00 








The runway is in excellent condition except for ends of flexible section where 


,they join rigid sections. Mr. W. H. Osterberg, chief for installations office, 


Lincoln Air Force Base, indicates that flexible pavement has settled 1% inches 
at points where it joins rigid sections. There was little, if any, maintenance on 
these joints. He indicated plan of repair will include heater planing at point 
60 feet from joint and replacing with hot-mix patch 1 to 1% inches thick. 





2088 AIRSTRIP PAVING MATERIALS 


Minot (N. DAK.) AIRBASE 


Average section flexible pavement (runway) : 
4-inch filter course 
38-inch subbase course 
20-inch subbase course 
6-inch base course 
2%-inch asphaltic concrete binder course 
1%-inch asphaitic concrete surface course 
Average section rigid pavement (runway) : 
4-inch filter course 
52.05-inch subbkse course (50 to 56 inches) 
15.94-inch portland cement concrete (12 to 18 inches) 


Item | price Unit cement, cement, 
bid rigid flexible 


Unit | Portland | Asphaltic 
| 
| 
} 
| 





4-inch filter eae ; 
38-inch subbase_____.---_-_- 
§2.05-inch average subbase 
20-inch subbase : 
6-inch base _- 

Bituminous prime 
Bituminous tack dca ee eer ea 
15.94-inch average concrete-__- cai st eceatl Cubic yard 
Portland cement - - --- iy. 2 ee ee 6. ! MOE wcacc.- 
21-inch binder__-----..---- shat ee TAG 1 OES a oteeene 
14-inch surface S : SoG cialy 10.00 | RNS sso 


= 
S 


Square yard__ 
d 4 


B,, pyens 
ee. Pemn: 
S2qqnSSFs 


————— 


Bid price per square yard ____- 





1 Plus asphaltic cement at 20 cents per gallon. 
Note.—The ab ve prices per square yard are based on the low bid in the letting of March 1957. There 
were approximitely 406,580 square yards of rigid pavement and 160,500 square yards of flexible pavement in 


this letting. The basic design is 100 feet of rigid pavement with 100 feet of flexible pavement on each side of 
the runway. 


GRAND Forks, N. DAK., AIRBASE 


The typical section in this airbase, which is all rigid pavement, except for the 
roads and streets, for the building area is 16- to 24-inch portland cement 
concrete on a 12- to 23-inch base course and 4-inch filter course placed on select 
material in the subgrade. These bids were taken March 13, 1957. 


Portland 
cement con- 


Item | Unit Unit price crete cost 
| per square 
yard 


4-inch filter____.__- Pegs tea : srenestohinee tothe iasp lacs $0. 30 
16.13-inch average base awe aul d () 
19.52-inch average concrete pavement . . axt 10. 30 
CG ace cd ccve <u ; 

Bid price per square yard. 


1 Various. 


Sample calculations: 
19.52’’ -:-36’’ =0.5422 x $10.30=$5.58 
Cement 1.50 barrel X 0.5422 x $5.20=$4.23 
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Ture ASPHALT INSTITUTE, 
MIDWEST DIVISION, 
St. Paul, Minn., April 24, 1957. 
Re Air Force base information. 
Mr. A. S. W'ELLBORN, 
Chief Engineer, the Asphalt Institute, College Park, Md. : 

DEAR Mr. WELLBORN: Transmitted herewith is additional information on Air 
Force bases in this division. 

On April 17 Jack Pearring made an inspection of the Hill Air Force Base at 
Ogden, Utah. This runway was completed last year. On May 22, 1956, I gave 
to you a brief report on some of the difficulties which were encountered in respect 
to the construction of the asphalt portion of the runway. 

Very truly yours, 
W. L. HinpeRMANN, PE, 
Managing Engineer, Midwest Division. 


Hitt Atm Force BAsr, Ogpen, UTAH 


(From John F. Pearring, district engineer, the Asphalt Institute, Denver, Colo., 
April 23, 1957) 


Pursuant to our discussion, a visit was made to the Hill Air Force Base at 
Ogden, Utah, for the purpose of performing a close inspection of the condition of 
the 13,438-linear-foot runway, which was completed in October 1956 under con- 
tract with Peter Kiewit Sons Co. The inspection was made in the company of 
Mr. Larry Fine, resident engineer, United States Corps of Engineers, contracting 
agency on the project, on Wednesday, April 17, 1957. 

The inspection revealed the pavement surface to be in excellent condition. 
Not one distressed area has been noticed to date. During the construction you 
may recall that the southern half, comprising a total of approximately 10,000 
linear feet was constructed first so that traffic was uninterrupted. At the com- 
pletion of the first section traffic was then placed on this section with construction 
continuing on the northern portion, comprising approximately 3,500 linear feet. 
As was reported earlier, some portions of the surface were exposed to jet blast 
due to the inconvenience caused by construction. These areas were not effec- 
tively damaged by the jet blast, with only the thin surface film being removed. 
Additional areas since the opening of the entire runway show “scorched” surfaces 
due to jet blast, but these also contain no effective damage. Some of the 
scorched surfaces have been treated with the use of “jennite” by maintenance 
personnel located on the base. We might add that the results seem to be very 
satisfactory inasmuch as the treatment has replaced a thin mortar film. 

The riding qualities of the asphalt pavement continue to remain in the excel- 
lent category. There have been no indications of apparent settlement or sub- 
sidence to date. Many of the pilots of the various craft that have used the 
runway have remarked about the smooth riding condition. On the other hand, 
the 1,000-linear-foot runway ends, consisting of portland cement concrete, do not 
contain even a reasonable comparison with regard to smoothness. You may 
recall that we reported earlier that the criteria tolerances from true grade had 
to be relaxed on the portland cement concrete sections due to uncontrolled 
shrinkage and the like. Many of the slabs contain transverse cracks, which 
were reported due to low humidity conditions during placement and curing. 
The following is a tabulation of costs of the two pavement types used on the 
runway. This information was obtained from the United States Corps of 
Engineers regional office in San Francisco, Calif., by Mr. Vaughn Marker, 
district engineer, the Asphalt Institute. 
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Asphalt concrete 


Material (typical section) Thickness Cost per 
(inches) squar yard 


RR CUUGROG GOUNUD oickkn oinncichaShasssuldupbidbbcdddsdcdctbnseeden = 
Tack coat 


CO EE ESE Sa ae 

Stabilized aggregate base course at 100 percent compaction - 
Select material base course type A at 100 percent ee 
Compacted subgrade at 95 percent compaction 


I i a a 
Total cost of structural section 





Portland cement concrete 


Material (typical section) Thickness Cost per 
square yard 


I OUI incr oni sicuueensummanedeunetiuuns ; 19, 15, 19 inches, outer 1244 $6. 12 
feet both edges of run- 
way go from 15 to 19 
inches in thickness. 


WIND hed ok ot i hh td A ded 19, 15, 19 feet. 
Total cost of structural section...____- =e 


THE ASPHALT INSTITUTE, 
OHIO VALLEY-GREAT LAKES DIVISION, 


Columbus, Ohio, April 25, 1957. 
Mr. Arvin S. WELLBORN, 


Chief Engineer’ The Asphalt Institute, 
University of Maryland, College Park, Md. 


Dear Mr. WELLBORN: This is in reply to your recent request for as much in- 
formation as we could collect about the concrete paving and asphalt surfacing 
done at Lockbourne,Air Base in 1951. 

The cost records have been pretty badly scattered. Some of them are in 
Huntington and some in the St. Louis office at present. I have been able to 
secure a few, which may or may not be of value to you. 

The asphalt concrete resurfacing on the runway consisted of approximately 
101,000 square yards, 6 inches thick. This was placed on the badly disintegrated 
8 inches of plain portland cement concrete. Our feeling is that this 8 inches of 
old concrete could not be considered for design purposes, other than a high grade 
flexible pavement base. 

The cost of this 6 inches of asphalt resurfacing including sweeping, tack coat, 
mix, asphalt cement, and seal coat was approximately $3.55 square yard. The 
cost of the new 11-inch concrete portion of the runway was approximately $6.65 
square yard, and the 12-inch portion of the new concrete runway was $7.08 
square yard. The old 8-inch concrete apron was resurfaced with 7 inches of 
asphaltic concrete overlay at a cost of approximately $3.65 square yard, in- 
eluding all items listed above. Square yardage of apron resurfacing is inde 
terminate because 6f extra work areas and other adjustments. However, it is 
approximately 420,000 square yards. 

Maintenance costs on the asphaltic concrete overlay since placing have been 
negligible. Extensive maintenance will be required this year on the concrete 
sections constructed in 1951 and considerable joint and corner maintenance has 
been required heretofore. All of the 1957 maintenance program will be devoted 
to removing and replacing defective portland cement concrete slab, none being 
anticipated on the overlay sections. 

Lockbourne Air Base engineers inform us that this base has the highest 
concentration of B—47 traffic of any base in the United States, with occasional 
handling of B-52 and other heavy aircraft. As you know, this overlay work on 
the runway is subject to channelized traffic and there is absolutely no sign of 
rutting or displacement. 

We hope that this information will be of some value to you. 

Very truly yours, 


J. H. GosHorn, 
Managing Engineer, Ohio Valley-Great Lakes Division. 
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Tue ASPHALT INSTITUTE, 
ATLANTIC-GULF DIVISION, 
New York, N. Y., April 16, 1957. 
Subject: Airfield pavements. 


Mr. A. S. WELLBORN, 
Chief Engineer, The Asphalt Institute, 
Asphalt Institute Building, 
University of Maryland, College Park, Md. 


DeaR MR. WELLBORN: Reference is made to your memorandum of March 15... 
1957, subject as above, and to your letter of March 28, 1957, which attached a 
list of Air Force bases utilized for heavy bomber operations. 

In connection with these letters, we have requested information from our 
various district offices. Mr. Robert C. Briggs has furnished information pertain- 
ing to Loring Air Force Base, Limestone, Maine; Westover Air Force Base, 
Springfield, Mass.; Portsmouth Air Force Base, Portsmouth, N. H.; and Dow 
Air Force Base, Bangor, Maine. In addition to the information contained on 
the enclosed copy of Mr. Briggs’ report, I have learned by telephone that a con- 
siderable amount of difficulty has been experienced on the portland cement con- 
crete portion of the airfield which was constructed last year. I understand that 
a considerable amount of controversy is presently ensuing between the con- 
tractor, the Corps of Engineers, and the Air Force. Apparently use of frost 
susceptible soils has caused deformation and some pavement breakage during 
the winter months, and a remedy has not as yet been determined. 

Mr. Briggs has scheduled a trip to this base on Wednesday and hopes to have 
the opportunity of examining this portion of the field and to obtain photographs 
of it. However, he has experienced a considerable amount of difficulty in 
obtaining such information and he is not sure of the extent to which he will be 
able to carry his investigation. A further report of this will be forthcoming 
shortly. 

Also enclosed is a copy of a short report obtained from Mr. Charles A. McKeogh 
which pertains to the Kelly Air Force Base test section. You will note that the 
surface course of the original test section was removed by a blade grader and 
resurfaced with a'mix similar to that used elsewhere on the airfield. This re- 
surfacing has been carrying B—52’s and B-—47’s, as well as other heavy aircraft, 
for several months since conclusion of the tests and has shown no sign of failure 
to this date. Mr. MeKeogh has promised to furnish us with his thoughts and 
any other information which he is able to obtain on other fields in the South- 
west area and I am hopeful that other information will be forthcoming shortly. 
As the material arrives I will forward it along to you since I know that you are 
anxious to get as much of this assimilated as possible. 

Aside from the airbases in New England and those which Mr. McKeogh may 
be able to help uy with, the bases in Florida are the only ones in this division 
carrying extremely heavy plane loads. es 

I hope this will be of some value to you. Additional information will be 
forwarded immediately upon receipt in this office. 

Very truly yours, 
Rosert B. MCKEAGNEY, 
Division Managing Engineer, Atlantic-Gulf Division. 


AIRFIELD INFORMATION 


(From Robert C. Briggs, District Engineer, the Asphalt Institute, Boston, Mass., 
April 12, 1957) 

This memorandum is in reference to a memorandum concerning the above 
subject from your office. 

The following information in this memorandum was obtained from the Corps of 
Engineers, NED on April 10, 1957, and security clearance for the information 
was obtained through Major Harris. Investigations are currently being made 
at Dow AFB, and I will make a subsequent followthrough of a field inspection 
as soon as possible. The information that follows is as correct as the records 
that were available to me. 
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Loring Air Force Base 


1. Flexible pavement: 1,203,767 square yards. 
(a) This area includes runway, principal taxiways, aprons, blast pads, 
stubs, and shoulders for taxiways. 
(b) The various phases of pavement construction vary slightly in design, 
but the bulk of the construction is as follows: 
(1) 3 inches asphaltic concrete. 
(2) 9 inches dry bound crushed stone base. 
(3) 60 inches sand and gravel subbase. 
2. Rigid pavement: 321,766 square yards. 
(a) This area includes ends of runways, aprons, hardstands, and stubs. 
(b) The pavement construction is as follows: 
(1) 15 inches portland cement concrete, 
(2) 52 inches to 56 inches sand and gravel base and subbase. 
. Pavement performance. 

(a) The rigid and flexible pavements mentioned above were designed 
for B—36 loads but receive B-52 loads at this time. 

(bv) No distress has been experienced with the asphaltic pavements, but 
some damage has developed from jet fuel spillage. The jet fuel damage has 
been corrected by seal coats of coal tar pitch emulsions. 

(c) No distress has been experienced with portland cement concrete pave- 
ments. Some scaling or flaking of the surface has occurred because of the 
use of de-icing salts and freezing and thawing cycles. Joint maintenance 
has been a problem. 


co 


Westover Air Force Base 


1. Flexible pavement—814,050 square yards. 
(a) This area includes runways, taxiways, shoulders, and overlay on 
World War II soil cement aprons. 
(b) The various phases of pavement construction vary slightly in design, 
but the bulk of construction is as follows: 
(1) 2 inch to 4 inch asphaltic concrete (majority 4 inches) 
(2) 5 inch to 6 inch dry bound and graded crushed stone base (ma- 
jority 6 inches) 
(3) 4-inch grayel base 
2. Rigid pavement : 814,800 square yards. 
(a) This area includes runway ends, taxiways, and aprons. 
(b) The various phases of pavement construction vary slightly in design, 
but the bulk of construction is as follows: 
(1) 6 ineh to 15 inch portland cement concrete (majority 15 inches) 
(2) 8-inch gravel base 
3. Pavement performance 
(a) The above-mentioned rigid and flexible pavements were designed for 
World War II loads, but they received B—52 loads at this time. 
(b) Both rigid and flexible pavements are rated as good to excellent. 


Portsmouth Air Force Base 


1. Flexible pavement—533,910 square yards. 
(a) This area includes taxiways and blast aprons. 
(b) The construction is as follows: 
(1) 4 inches asphaltic concrete 
(2) 6 inches crushed stone 
(3) 8 inches gravel 
(4) 30 inches sand 
2. Rigid pavement—1,504,078 square yards 
(a) This area includes the runway, taxiways, and aprons. 
(b) The pavement construction is as follows: 
(1) 14 inches portland cement concrete 
(2) 8 inches gravel 
(8) 26 inches sand 
8. Pavement performance 
(a) The above-mentioned rigid and flexible pavements were not designed 
for but do receive B—52 loadings. 
(bv) Both rigid and flexible pavements are rated as excellent. The rigid 
pavement slabs have displaced, and some rough riding qualities exist. 
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Dow Air Force Base 
1. Flexible pavement, 203,450 square yards: 
(a) This area includes light duty flexible pavement, flexible pavement 
transition, shoulders, and blast aprons. 
(0) The various pavement thicknesses are as follows: 
(1) Light duty flexible pavement: 
(a) 3 inches asphaltic concrete; 
(b) 6 inches crushed stone base; 
(c) 19 inches sand and gravel subbase. 
(2) Shoulder pavement: 
(a) 2 inches asphaltic concrete; 
(b) 6 inches select sand and gravel base; 
(c) 10 inches sand and gravel subbase. 
(3) Blast apron pavement: 
(a) 2 inches asphaltic concrete; 
(b) 6 inches select sand and gravel base. 
2. Rigid pavement, 482,100 square yards: 
(a) This area includes the following: 
(1) Heavy load type A traflic—runway ends, aprons, taxiways (58,400 
square yards). 
(2) Heavy load type B traffiic—runway ends, aprons, taxiways (109,- 
000 square yards). 
eT load type C traffic—runway interior (314,700 square 
yards). 
(6) The various pavement thicknesses are as follows: 
(1) Heavy load type A traffic: 
(a) 21 inches portland cement concrete, 
(b) 6 inches select sand and gravel base, 
(c) 27 to 29 inches select sand and gravel subbase; 
Heavy load type B traffic: 
(a) 19 inches portland cement concrete, 
(b) 6 inches select sand and gravel base, 
(ce) 27 to 29 inches select sand and gravel subbase; 
Heavy load type C traffic: 
(a) 17 inches portland cement concrete, 
(b) 6 inches sand and gravel base, 
(c) 27 to 29 inches select sand and gravel subbase. 
3. Pavement performance: 
(a) The flexible and rigid pavements mentioned above were designed for 
B-52 loads, but the recent construction has not yet received any traffic. 
(b) The flexible pavements are rated as excellent, and the rigid pave- 
ments are rated as fair because of recent displacement and cracking. The 
rigid pavement failures are believed to be caused by border line base and 
subbase material that evidently was frost susceptible. 
' 


Dow Arr Force Base 


From Robert C. Briggs, district engineer, the Asphalt Institute, Boston 16, Mass., 
April 24, 1957 


This memorandum is to advise you of my findings at an inspection of Dow Air 
Force Base on April 17, 1957. The comments made in this memorandum are in 
addition to information given in a memorandum dated April 12, 1957. 

By coordinating with the Corps of Engineers at Dow Air Force Base, I was 
able to get security clearance through the Air Force to make an inspection of the 
pavements presently existing at the airfield. The pavements include asphaltic 
concrete, tar rubber concrete, and portland cement concrete. The parking areas 
are generally tar rubber concrete. The old runway is asphaltic concrete. This 
runway has received some heavy bomber loadings, but no rutting has occurred 
from channelized traffic and the surface is in excellent condition. The tar rubber 
parking areas are in good condition with the exception of construction joints. A 
great deal of difficulty has been encountered in handling tar rubber, and I have 
noted that most of the construction joints crack, ravel, and open up. 

New taxiways, aprons, and a new parallel runway have been recently con- 
structed or are in the process of being constructed with portland cement con- 
crete. Most of the aprons and taxiways are completed, but the new runway is 
only partially completed. My previous report on airfields indicates the thick- 
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ness of portland cement concrete used. Failure of the portland cement conerete 
has occurred during this winter without having received any traffic. It is believed 
that the failure is due to frost susceptibility of base material that was considered 
borderline quality. The material was approved by the Corps of Engineers for 
base material with the realization that relatively close material inspection would 
have to be made so that the material did not fall within a frost susceptible range. 
Some of the material evidently was frost susceptible and cracking and displace- 
ment of the concrete slabs occurred. This is of considerable concern to the Corps 
of Engineers and the Air Force, and I have learned from secondhand information 
that numerous investigations and conferences have been held... It is hard to esti- 
mate the amount of cracking that I saw, but as an estimate I would say that 
about 2 to 5 percent of the concrete slabs failed. I noted that investigations 
were in progress to test the base material. 

Because of the short time that I had available in preparing for my trip to 
Dow Air Force Base, I was unable to take photographs of the pavement areas. 


Keiity Arr Force Base Test SEecrion 


From Charles A. McKeogh, district engineer, the Asphalt Institute, New Orleans 
18, La., April 11, 1957 


I received some very interesting information concerning the Kelly Air Force 
Base test section from the Waterways Experiment Station on April 3, 1957. 

You will recall that the asphaltic concrete surface course had been removed 
by a blade, and the section resurfaced with a mix similar to the mix used to 
surface the runway. The binder course was not removed. 

A recent inspection of the resurfaced test section by the Waterways PExperi- 
ment Station reveals that there are no signs of pavement failure or displace- 
ment after the 9 months of continuous use by B-52’s, B-47’s, and other heavy 
aircraft. 


INFORMATION ON AIRFIELDS 


(Report from C. A. McKeogh, district engineer, the Asphalt Institute, 
New Orleans, La., April 19, 1957) 


Kelly Air Force Base test section (heavy-bomber base) 


The 14-inch surface course of the test section was removed and replaced with 
a surface course mix siinilar to that placed on the runway. A recent condition 
survey by the Corps of Engineers, Waterways Experiment Station, reveals there 
is no pavement failure or displacement after 9 months of continuous use by 
B-52’s, B-47’s, and other heavy aircraft. 


Kelly Air Force Base (heavy-bomber base) 


The heavy-duty runway is 10,800 by 300 feet, 8,800 feet is 4 inches of hot-mix 
asphaltic concrete, the 1,000-foot ends are 18-inch portland cement concrete with 
the 75-foot width center lanes 20 inches portland cement concrete. The runway 
was completed in May 1956 and has given excellent service since that date. The 
primary and connecting taxiways are concrete, and the apron is concrete. 

The original contract was for asphalt taxiways, with some asphalt overlay. 
The original hot-mix tonnage was approximately 138,000 tons, the change to port- 
land cement concrete taxiways reduced the hot mix to 92,000 tons (runway and 
shoulders) and increased the portland cement concrete from 240,000 cubic yards 
to 380,000 cubie yards. The change increased the total contract over $600,000. 
I believe that a part of the $600,000 (plus) included an extension of the apron. 

(Note: Bid prices are being obtained from the contractor—see exhibit E—4.) 

The asphaltic concrete runway is in good condition, no reported pavement 
failures, after 10 months of service. The asphalt pavement is exceptionally 
smooth according to a survey made by the Waterways Experiment Station. 


Abilene Air Force Base (heavy-bomber base) 


The heavy-duty runway is hot-mix asphaltic concrete with 1,000-foot ends of 
portland cement concrete, all taxiways are asphalt. The apron is portland 
cement concrete. Alternate bidding, with asphalt low by more than 15 percent. 
There was an attempt to change the pavement at this base to all portland cement 
eoncrete. The contractor made a rough estimate of $350,000 to $400,000 to 
make the change. After some discussion it was decided to construct the pave- 
ment as originally planned. 
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This is a B-47 base and has above the average takeoff and landing cycles as 
it is now being used to train B—-47 pilots. 

This pavement has been subjected to continuous use since the latter part of 
1953 or the early part of 1954. The pavement is in good condition as there is 
no sign of failure or displacement. A recent condition survey does note parallel 
cracking at each end of the runway 20 to 30 feet from the edge of the pavement. 
Waterways Experitnent Station is at present unable to arrive at a reason for 
the cracks, but believes that they are from the crushed stone base course, possi- 
bly along a construction joint. The cracks are not in the asphaltic concrete 
construction joints. The paving engineer on the job stated that some difficulty 
was experienced in setting up the base on the south end, east side of the run- 
way, and that the base in this area contained excess moisture. Cracks were 
noted in this area. There was no displacement of the pavement in these cracked 
areas. 

The joint sealing material in the portland cement concrete apron joint is failing 
(noted 6 months ago) and it will be necessary to reseal the joints. Portions of 
the apron where the sealing material is failing are less than 14 months old. 

A profile of the portland cement concrete apron revealed that in some areas, 
especially along the edge, the vertical joint displacement was *4 inch to 1 inch, 
with some displacement reported to be 1% inches. 


Carswell Air Force Base (heavy-bomber base) 


A heavy-duty taxiway, designated as taxiway H was constructed in 1952. 
Alternate bids were taken, with asphalt low by more than 15 percent. This taxi- 
way has been in continuous use since early 1952, and has a good service record. 
There were two small areas reported as failures in 1953. A condition survey 
was made and it was found that the reported failures were at two CBR test 
locations. The two areas were repaired and there has been no report of any 
failure since that time. This taxiway has been subjected to an excessive amount 
of heavy concentrated traffic. 

In 1954, a 3,000-foot runway extension with taxiway was let with alternate 
bids, as follows: 


Runway: Taxiway: 
1,000-foot portland cement con- Asphalt, or 
crete, portland cement concrete 


2,000-foot asphalt, or 
$,000-foot portland cement concrete 


The asphalt alternate was low by more than 15 percent. The bid was rejected 
and the job readvertised as follows: 


Runway: Taxiway : 
Portland cement concrete Asphalt 
Portland cement concrete Portland cement concrete 


Again the asphalt alternate was approximately 15 percent lower, which was 
an all portland cement concrete runway with an asphalt taxiway. 


Little Rock Air Force Base (heavy bomber base) 


10,000-foot runway, 8,000- by 200-foot asphaltic concrete, 1,000- by 200-foot 
ends portland cement concrete, 1,500- by 75-foot asphalt taxiways. Heavy duty 
pavements, 4-inch asphaltic concrete. The apron is portland cement concrete. 
The pavement was completed about June 1955 and has been used as a B-47 
base. 

Immediately after completion of the airfield pavement a B—47 formed ruts 
in a portion of a taxiway. An investigation revealed that this area had been 
condemned because of excessive moisture in the base; after some debate the 
wet area was paved. It was subjected to B—47 traffic almost immediately after 
the pavement was completed. Necessary repairs were made, and there has 
been no report of failure to date. Reports indicate that the asphalt pavement 
is performing satisfactorily. 

The joint sealing material in the joints of the portland cement concrete apron 
was declared a failure 18 months after completion of the pavement. A portion 
of the joint sealing material was removed and replaced at a cost of $100,000 or 
approximately 40 cents per linear foot of joint. (All costs are approximate.) 

The Little Rock Air Force Base was an alternate bid job, the asphalt alternate 
was 15 percent lower than all portland cement concrete. 
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Lake Charles Air Force Base (heavy bomber base) 


All airfield pavement is 17-inch portland cement concrete, with asphaltic 
concrete shoulders. The asphaltic concrete was recently completed, January 1957. 

Reports on the condition of the pavement indicate a continuous deterioration 
of the portland cement concrete taxiway. Cracks form along the centerline of 
the pavement, and spalling occurs when the cracked areas move under load. 

No one will definitely state that the pavement is a failure, but all are con- 
cerned about the cracking and spalling along the centerline of the taxiway 
pavement. The above described pavement condition was obtained from Galveston 
District personnel. No alternate bids were taken for this job. 


Albuquerque Air Force Base (heavy bomber base) 


The runway is asphalt with 1,000-foot concrete end, the runway is 13,000 by 
300 feet. The asphaltic concrete is 4 inches thick. The taxiway is a 4inch 
asphaltic concrete overlay on an old asphalt runway. The asphaltic concrete 
pavement was completed about May 1954. 

There was no alternate bid as asphalt was cheaper than portland cement 
concrete by more than 20 percent. 

The asphaltic concrete has been subjected to all types of aircraft from light 
to the heaviest wheel load. It is used for transient military aircraft flying 
ecross country and also as a commercial airfield. The air traffic is considered 
above normal. The asphaltic concrete pavements have given good service and 
there has been no report of pavement failure. 


Altus Air Force Base (heavy bomber base) 


The original pavement was all asphaltic concrete, constructed in 1953. A 
pavement failure on the apron was reported a year later. During this period 
of 1 year the pavement had been subjected to 100,000-pound wheel loads, but 
failed when subjected to the B—47 wheel load. Failure occurred in the subbase, 
a material with a high Pl which was salvaged from an old runway base con- 
structed in 1942. During construction of the base course an excessive amount 
of water was used to maintain and set up the sand and crushed granite base 
course. It is the writer’s opinion that the failure was “built in’ during con- 
struction, and that failure would have occurred only in isolated areas. This 
belief was shared by others as it was estimated that the apron could be repaired 
and placed in good condition for a cost estimated at $50,000. Recently the apron 
was paved with portland cement concrete, costing over $3 million. 

Six months ago the writer made an inspection of the runway and taxiways. 
The original asphaltic concrete was still performing satisfactorily and there 
has been no report of failure. The runway and taxiways have been subjected 
to B47 traffic since 1954. The runway recently received an emulsion-sand seal 
eoat. There were some cracks along the edge of the runway, which were sealed 
by the seal coat application. No new repair was noted on the taxiways. The 
taxiway with 5 inches of asphaltic concrete is in excellent condition. Reports 
indicate that this taxiway has been subjected to 90 percent of the heavy aircraft 
traffic operating at this base. 


Biggs Air Force Base (heavy bomber base) 


Asphaltie concrete runways, taxiways and parking apron. There were no 
alternate bids as asphalt paving cost estimates were more than 20 percent lower 
than portland cement concrete. These pavements were constructed in 1953. The 
runway pavement has given satisfactory service, and there have been no reported 
failures. There was a report of rutting of the pavement on a taxiway that had 
been overlaid with 4 to 6 inches of asphaltic concrete. The actual cause of the 
rutting is not known to the writer, but during an inspection of the project it was 
noted that the binder course contained excess asphalt. This condition was cor- 
rected. It is believed that the rutting was in isolated areas, as a result of excess 
asphalt in the binder course. 

The report of apron pavement failure investigated by the writer, concerned 
motor oil drippage and/or spillage on the apron asphalt pavement. The motor 
oil softened the pavement, and had a very detrimental effect on the pavement 
due to very slow evaporation. The pavement would remain in a very soft con- 
dition for several days. The soft areas were not in the line of aircraft movement 
so pavement damage was the result of service equipment traffic. There was no 
visible damage by the spillage of aviation gas or jet fuel. 

I know of no major repair of the pavement at this base, and to the best of 
my knowledge the pavement service has been considered satisfactory. 
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Barksdale Atr Force Base (heavy bomber base) 


All portland cement concrete, no alternate bids were advertised. It has been 
reported that the joint sealing material has failed at this base, so it cam be as- 
sumed (there are no actual reports) that the joints are uneven. 


Walker Air Force Base (heavy bomber base) 


Runway: Asphaltic concrete overlay, and extension with 1,000 feet portland 
cement concrete ends. Constructed 1954-55. 

Taxiways: Asphaltic concrete overlay. Constructed 1953. 

No alternate bids requested as cost of asphaltic concrete was more than 20 per 
cent cheaper than portland cement concrete. Recent airfield pavement construc- 
tion has been portland cement concrete. There were two reported pavement fail- 
ures at this base, both concerned the taxiway overlaid in 1953. 

1. The first report was settlement at the juncture between the asphaltic concrete 
overlay pavement and a previously constructed portland cement concrete parking 
area. This settlement was apparently caused by lack of compaction during back- 
filling a narrow trench between the newly constructed portland cement concrete 
pavement and the old asphalt taxiway pavement. 

2. Rutting of the taxiway overlay asphaltic concrete pavement was reported 
1 year after completion. A 2-inch overlay had to be placed on a 2-inch asphaltic 
concrete pavement built in 1943. During the period of 1943-48 two seal coats 
had been applied. Sections sawed from the rutted areas showed that the newly 
placed overlay pavement maintained a uniform 2-inch thickness across the rut 
and the full width of the channelized traffic lane. The pavement constructed in 
1943 consolidated under the traffic to a depth equal to the depth of the rut. 

A recent reported failure was the consolidation of the tar-rubber pavement. 
Depressions of three-eighth inch were noted in areas where heavy aircraft are 
parked for maintenance. The reported failure represents only a small portion 
of the entire area of asphaltic concrete pavement. I do not know of any major 
airfield pavement repair on this base. The taxiways, except for the overlaid 
taxiway pavement, have given good service under continuous heavy bomber 
traffic. The asphaltic concrete runway pavement has been in continuous use 
since completion and the service record of this pavement is good. 

During a recent visit to this base, by the writer, it was noted that the 2-inch 
asphaltic concrete shoulder pavement was being subjected to as many aircraft 


traffic passes as the newly constructed portland cement concrete taxiway pave- 
ment. 


Bergstrom Air Force Base 


The service record of the asphaltic concrete runways and taxiways, at this 
base, is amazing. The pavements are light duty or 25,000 pounds, 200 p. s. i. tire 
pressure design. Immediately after completion of the pavement the base was 
transferred to SAC, Reports indicate that traffic is above normal and that not 
less than one-half of the aircraft traffic has been heavy bomber aircraft. There 
has been no report of any type of pavement failure, and these light duty pave- 
ments have given satisfactory service although subjected many times to heavy 
bomber loads. 

Trench-type construction was not used for construction of this pavement. 
The subbase was full width, with the crushed stone base course sloped to a point 
approximately 20 to 25 feet beyond the edge of the pavement. 


Alexandria Air Force Base 


All portland cement concrete. In 1955 a contract was let for an asphaltic 
conerete overlay to increase the pavement strength. At the last moment, the 
flexible overlay was changed to a portland cement concrete overlay; this change 
eost an additional $300,000. The 9-inch overlay thickness varied to as much 
as 17 inches in some areas, 11-inch overlay on the ends of the runway with an 
overall average of 13 inches. Based on past experience, it is believed that the 
irregularity of the existing portland cement concrete would surely result in a 
cracked irregular surface of the new pavement soon after being subjected to 
traffic. The type of aircraft at this base is unknown. (See exhibit E-4.) 


Laredo Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Parallel runways and 
taxiways are 3-inch asphaltic concrete. Constructed 1952-53. Above normal 
traffic, 1,800 cycles per day. No failures reported, no fuel spillage damage, no 
blast damage. Good service record. Asphalt cost 20 percent lower. 
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Laughlin Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Parallel runways and 
taxiways are 38-inch asphaltic concrete. Constructed 1952-53. Above normal 
traffic of more than 1,800 cycles per day. No failures reported, no fuel spillage 
damage, no blast damage. Good service records. Asphalt cost 25 percent less 
than portland cement concrete. 


Perrin Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Asphaltic concrete runways 
and taxiways. Constructed 1952-53. Above normal traffic. Good service 
record. No failures reported. Asphalt cost 20 percent lower. No fuel spillage 
or blast damage. It was recently reported that all joint sealing material had 
failed in joints of newly constructed portland cement concrete apron. Request 
was made to reseal all joints. 


Big Spring Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure: Three-inch asphaltic 
concrete runways and taxiways. Constructed 1951. Above normal traffic. Good 
service record. No failures reported. 

Air Force personnel applied seal coat in 1954, BExcessive amount of asphalt 
used. Pavement did not need seal coat. 


Sheppard Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Asphaltic concrete runway 
and taxiways. Good service record, average traffic. Constructed 1952-53. 
Cracks were reported along edge of pavement in 1955. 


Hearne Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Three-inch asphaltic con- 
crete runway, taxiways, and apron. Constructed in 1954; average traffic. 
Auxiliary for Bryan Air Force Base. No failures, good service. 


Harlingen Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Flexible overlay over 
6-inch portland cement concrete pavement. Average traffic. Good service record. 
No reported failures, constructed 1954-55. 


Amarillo Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Three-inch asphaltic con- 
crete maintenance apron. Constructed 1951. No reported failures. Cracks 
noted in pavement in 1953, believed to be dry weather drought cracks. 


Reese Air Force Base 


Light duty—25,000 pound, 200 p. s. i. tire pressure. Constructed in two phases. 
In 1951 the old asphaltic concrete pavement was broken up, sand added to 
highly plastic base course, and recompacted. A 2-inch asphaltic concrete was 
placed to provide temporary runways for 2 years. Drainage was very poor. 
Pavement cracks appeared after a flight of B—29’s used the runway, July 1952 
There was no pavement deformation or displacement and there were no repairs 
made until the runways were rebuilt in 1954. The runway was in continuous 
use during the period July 1952-54. 

The runways were reconstructed in 1954 with 3 inches of asphaltic concrete. 
The pavement has a good service record and there are no reports of failure. 
Above normal traffic. Auxiliary fields—San Angelo (Van Court) and Colorado 
City, all asphaltic concrete. Good service records.. No reports of failure. 


Gray Air Force Base 


Asphaltic concrete runways, taxiways, and apron. Constructed in 1952. Four- 
inch asphaltic concrete. No information available, very restricted. Traffic 
unknown, wheel load unknown. No report of failure, service record good. 
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Exuisit D-1 


STATEMENT BY ARVIN S. WELLBORN, CHIEF ENGINEER, THE ASPHALT INSTITUTE, 
Aprin 11, 1956 


The decision of the Air Force to curtail construction of asphalt pavements 
on military airfields was based on alleged pavement failure at 7 heavy bomber 
bases, 2 of these in California, 2 in Arizona, 2 in Oklahoma, and 1 in Florida. 

With the permission of the Department of Defense, these bases have been 
inspected by engineers of the Asphalt Institute. Preliminary appraisal of the 
inspection reports indicates that, in every instance, pavement distress was 
caused by the displacement of supporting foundation materials. The reports 
also show : 

(a) Air Force criticism of asphalt pavement has been unduly harsh, 

(b) Serious pavement distress was found at only 2 of the 7 bases in 
question, 

(c) Pavement maintenance at these military airfields continues to be 
haphazard or seriously neglected, and 

(d) There is a definite need for heavier airfield pavement design and 
improved construction methods to accommodate America’s heavy bombers. 

The reports, covering inspections made at all seven bases, included these pre- 
liminary findings: 

None of the four bases in California and Arizona showed a condition of pave- 
ment distress serious enough to impede normal operational activities. 

At 1 of the 2 bases in Oklahoma the reports showed evidence of serious rutting 
which could be traced directly to displacement of foundation materials beneath 
the pavement. At the other Oklahéma base, heavier aircraft have not been 
operated extensively on the pavement and, of course, there is no evidence of 
distress. 

The seventh base, in Florida, has developed dips in the pavement at approxi- 
mate 100-foot intervals along the centerline of the runway, causing the aircraft 
to “porpoise” at high speed. Again, the fault is clearly in the foundation. 

In every instance, the institute inspection confirmed the findings of a special 
committee of the Highway Research Board which, at the request of the Depart- 
ment of Defense, made an extensive study in 1955 of pavement conditions at 
27 major military airfields. On that occasion, the committee reported a serious 
lack of proper airfield maintenance at virtually all installations. The reports 
of the engineers of the Asphalt Institute find this condition still existing. 

The reports pointed up one disquieting feature that suggests a revision of 
airfield pavement design may be in order. Present design criteria are based 
on the assumption that aircraft movements will be distributed over the entire 
width of taxiways and runways. However, heavy bomber traffic, instead of 
being so distributed, is channelized along the centerline. A rising volume of 
traffic and steadily increasing wheel loads, coupled with this channelization, 
has established a pattern of pavement stress which calls for heavier pavement 
design to carry this narrow concentration of loading. This channelization of 
heavy wheel loads is resulting in accelerated attrition of all airfield pavements, 
regardless of type. 

The reports indicate there is a definite need, not only for heavier design, but 
also for better construction methods for all heavy bomber airfield paving, with 
particular attention to the need for better foundations and proper drainage. 

With necessary attention to these requirements, there is not the slighest doubt 
that asphalt pavements will meet all airfield runway and taxiways needs, and 
do the job at tremendous savings to the taxpayer. 























INFORMATION DEVELOPED BY INSPECTION OF SEVEN AIR Force BASES BY ASPHALT 
INSTITUTE ENGINEERS IN FEBRUARY—MARCH 1956 


(Supporting documents available) 





1. Pinecastle Air Force Base, Orlando, Fia. 


Inspection by Asphalt Institute engineers found depressions at regular 100- 
foot intervals down the centerline of the runway which caused aircraft to 
“porpoise” at high speeds. A preliminary evaluation report performed by the 
Corps of Engineers disclosed that blue top stakes were found in place when 
exploratory pits were dug at original depression points. Presence of these 
stakes indicated that there had been no compaction of the base materials 
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where these stakes were found. Leaves and other debris were found packed 
loosely around the top stakes, suggesting that rollers had executed figure eights 
around the top stakes during base construction, leaving uncompacted areas 
at these regular 100-foot intervals prior to placement of the pavement. Settle- 
ment of the pavement was inevitable. 


2. Tinker Air Force Base, Oklahoma City, Okla. 


Inspection at this field revealed no failures or signs of distress in the exist- 
ing pavement. Main concern stemmed from a letter, written by the Tulsa 
district office, Corps of Engineers, restricting loading of the new runway to 
75,000-pound gear loads pending further investigation. During construction, 
one or more B-47’s traversed the binder course, causing some rutting. Con- 
tractor expressed belief that rainwater had ponded on the binder course during 
the construction period, dammed by the higher elevation of the adjacent sur- 
face course. This water, filtering through the binder course, had softened the 
base or subbase causing base failure in this area. An area 15 feet by 60 feet 
was removed and replaced. 


38. Altus Air Force Base, Altus, Okla. 


Investigations at this base developed the fact that pavement distress could 
be traced directly to inadequate base and subbase construction. In both 
courses, a crushed granite material of low bearing stability and very high 
plasticity index was used. It was the opinion of inspectors that material of 
greater bearing stability should have been mixed with the crushed granite, and 
the foundation courses should have received additional compaction to prevent 
deflection under heavy load traffic. It is significant that taxiway No. 2, which 
handles a heavier concentration of aircraft traffic than any other area on the 
base, is showing no distress. The lower courses of this taxiway were used 
as a haul road by construction traffic while the runway was being built, giving 
it the “proof rolling” needed. Also, an additional 2 inches of asphaltic con- 
erete surface pavement were added to the specified 4 inches during con- 
struction to take care of grade line changes, furnishing added pavement 
strength. 


4. Williams Air Force Base, Phoenia, Ariz. 


Interviews with base personnel revealed that the most serious and immediate 
problem was presented by the tar-rubber parking apron which had become 
brittle and developed shrinkage cracks which admitted spilled jet fuel into the 
asphaltic concrete beneath. The apron surface had become so brittle that the 
slightest force caused it to spall and the loose particles had become a menace 
to jet engines. 

In 1955 there were approximately 344,000 landings at Williams Air Force 
Base. This figure was expected to increase in 1956. The base commander 
stated that the new primary parallel (outer) asphalt runway had performed 
in an excellent manner. The portland cement ends on this runway are con- 
sidered to be much rougher than the asphaltic concrete. The portland cement 
concrete inner runway was considered quite rough by all pilots interviewed. 
The amount of curling in the old slab has required that some be removed and 
replaced. 

While no water puddles on the asphaltic concrete runway, puddling of rain- 
water on the portland cement concrete runway affects the proper operation of 
the nose wheel of the T-33 aircraft. 


5. Castle Air Force Base, Merced, Calif. 


There is some settlement of flexible pavement adjacent to the portland 
cement concrete slab. However, these areas are isolated; they are not opera- 
tional problems and little maintenance has been necessary. ‘There is evidence 
on the runway that the mixture is overrich in asphalt in sections, but there 
was no evidence of instability in the asphaltic concrete due to excess asphalt. 

The runway to one side of the centerline is smoother than the other side. 
There is one major local depression about 6,800 feet from the southeast end of 
the runway, approximately 100-150 feet long, 25-30 feet wide, and with a 
maximum depth of 3 inches. Pilots say the bump is severe but not getting 
any worse. The experienced pilots stay to the right of the centerline to avoid 
the bump and do not regard the runway as hazardous. 

Irregularities observed in the runway seem to have been built in during 
construction. This may have been due to the fact that little, if any, leveling 
was done prior to the permanent resurfacing of the runway in 1954. 
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It was recommended by our engineers that this 3-inch depression 6,800 feet 
from the southeast end of the runway be corrected immediately if it was 
causing a serious problem. We were informed several days later that, after 
due deliberation, the base had decided to postpone corrective work on the 
depression until some later date when a larger project. involving the correction 
of several high and low spots on the runway could be corrected at the same 
time. 


6. Davis-Monthan Air Force Base, Tucson, Ariz. 


The flexible pavements at this base appeared to be structurally sound, with 
these exceptions: 

(a) Taxiway 14 where there is centerline cracking and engineering confirma- 
tion of construction with an unstable pavement mix. This is supported by visual 
evidence of pavement bleeding. An analysis of traffic indicated that the heavy- 
duty flexible pavements at this base already had carried a greater volume of 
traffic than they had been designed and built for. 

(b) Serious blast damage at extreme ends of the runway where replacement 
with portland cement concrete is clearly indicated. 

(c) Bumps on taxiway 14 where asphalt patching has been used to seal investi- 
gative trenches. It appears that the backfill in these trenches was not properly 
consolidated at the time of construction and this condition has not been corrected. 
Pavement settlement followed settlement of the fill material. It was the con- 
sensus of the B—47 pilots that there was nothing particularly serious about this 
taxiway condition; they simply slow their aircraft approaching these bumps. 
If this condition were regarded as a seriOus operational hazard, it would seem 
that the aggravated condition should not have been permitted to persist as long 
as it has. 

The commanding general of the 36th Air Division was strong in his expressed 
preference for portiand cement concrete paving. The commanding officer of the 
303d Bomb Wing also was sharply critical of flexible asphalt pavements. He 
attributed the “porpoising” of B-47 aircraft to deformations in the asphalt 
runway. 

Major Nix, a B-47 commander, doubted that pavement condition could be as- 
signed the principal blame for aircraft porpoising. He suggested the tendency 
may be inherent in the plane’s design. Such things as shifting of the center of 
gravity under different loading conditions might cause it. He also pointed out 
that pilot technique could have something to do with it. A jarring landing has 
a tendency to start the porpoising action, he said, or landing heavily on the 
nose wheel. 

B-47 aircraft parked for long periods on an old and abandoned asphalt run- 
way have broken through the pavement. The commanding general cited this 
condition in his criticism of asphalt pavements. The old runway, actually, was 
not designed to sustain these loads and when it was resurfaced the original base 
weakness never was corrected. From visual inspection the new surface and 
maintenance mix did not appear to be the dense and stable mix that would be 
required to improve the load-bearing capacity of the pavement. 


7.. March Air Force Base, Riverside, Caiéf. 


A temporary taxiway extending from the southeast end of old runway No. 4 to 
taxiway No. 11 showed signs of settlement failure after 7 months of use. This 
taxiway is not part of the permanent field installation but was built by the con- 
tractor in 1945 to expedite his work in other areas. Failures in taxiway No. 11 
(now designated taxiway No. 3) were investigated in June 1954. This taxiway 
was built between July 1951 and May 1952 with 4 inches of asphaltic concrete on 
7 inches of dry-bound macadam, on 6 inches of compacted pit run gravel, on 14 
inches of compacted disintegrated granite, over compacted native soil. 

Depressions in the taxiway were first noted about April 1, 1954, at which time 
the depressions were comparatively small and settlement did not exceed 1 inch. 
In a 2-month period the deterioration was rapid, and advanced to such a point 
as to cause the investigation of June 1954. The conclusions from the investiga- 
tion were that failure occurred in the native subsoil below the depth affected by 
construction operations. The settlement was attributed largely to consolidation 
of the native soil, brought about by heavy and sustained localized traffic and 
increased moisture content due to heavy winter rains. Failure extended 5 to 6 
feet on either side of the centerline and extended intermittently for almost the 
entire length of the taxiway. Maximum settlement was approximately four- 
tenths of a foot from the profile grade. Asphaltic concrete was used to fill the 
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rut and a 114-inch asphaltic concrete overlay was placed on the center 40 feet of 
the taxiway. 

Additional settlement failure was evident on taxiway No. 11 (now No. 3) since 
the area was repaired in 1954. The new failed area was 6 feet on either side of 
the centerline for a distance of 400 feet. 


SUM MARY 


The four bases in division V (those in California and Arizona) have no fail- 
ure of such magnitude as to be critical to the operational facilities of the base. 
Although some pilots believe that roughness of paved surface is harmful to their 
electronic equipment, no single instance can be shown where there has been im- 
proper functioning of electronic equipment that was caused by pavement condi- 
tion. 

With the exception of one surface irregularity at Castle Air Force Base and the 
condition of Pinecastle Air Force Base, there was no outstanding condition to 
which porpoising of the B—47 aircraft could be attributed. Surface maintenance 
has been seriously neglected at all these bases. It appears that inspection during 
construction has been highly inadequate. There is evidence that testing of 
materials has been inadequate if not lacking entirely. This point is borne out by 
the incorrect reporting of CBR (California bearing ratio) values at Pinecastle 
Air Force Base and the high plasticity index materials at Altus Air Force Base. 

Drainage seems to be neglected at all bases. 


SUMMARY REPORT ON THE STATUS OF FLEXIBLE PAVEMENTS FOR Heavy MILITARY 
AIRCRAFT 


By Arvin 8. Wellborn, Chief Engineer, The Asphalt Institute 
PREFACE 




























In recent weeks, elements of the engineering press, armed with insufficient 
information, have attempted to appraise the status of flexible pavements for 
modern mililtary airfields, These appraisals have been based on incomplete 
data from a single pavement test conducted during the summer of 1956 at Kelly 
Air Force Base in Texas. 

It is the considered judgment of the Asphalt Institute, after an extensive 
review of all the facts, that the tests at Kelly AFB could have ended no other 
way than distress in the asphalt section. A combination of factors, readily 
understood by asphalt technologists, doomed the pavement to failure before the 
first test loading was placed on it. 

Further, since the suspension of testing at Kelly, new pavement test loading 
conditions have been established that are totally unprecedented in the history 
of pavement design. In fact, the new conditions have removed pavement design 
entirely from the realm of contemporary paving technology and placed it in 
a new and uncharted dimension. 

It must be borne in mind that flexible pavements today are serving fully the 
requirements of our heaviest bomber aircraft at many Air Force installations. 
Consequently, we must apply very critical judgment to the results of the Kelly 
test and ask: Why failure here? 

Because the accounts of the Kelly AFB test have lent themselves to gross 
misinterpretation, seriously injuring the reputation of all flexible pavements, 
this engineering examination of the situation must be offered. 


HISTORY 


Some elements in the Air Force long have expressed dissatisfaction with 
flexible pavement and, in 1954, announced they were specifying concrete paving 
for those “critical” areas subject to jet afterburner blast and excessive fuel 
spillage which might have a harmful effect on asphalt pavements. In December 
of 1955, the Secretary of Defense authorized the Air Force to extend the term 
“eritical” to include all “primary use areas,” including those areas not sub- 
ject to this spillage and heat blast. In defense of its new policy, the Air Force 
claimed failures in flexible pavements wherever the channelized traffic of the 
new B-47 bombers was applied. Seven heavy bomber bases were cited where 
such failures were alleged to have occurred. 

Granted permission to inspect these fields, the Asphalt Institute determined 
that only 3 of the 7 airfields showed distress that could not be corrected with 
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normal maintenance procedures. In the three cases of severe distress the 
cause was traced to faulty design or construction. In one instance elementary 
drainage had been largely neglected. At another base, it was learned that dis- 
tressed areas had not been compacted before paving. In only one case was 
the distress traced directly to the asphaltic concrete surface and in this instance 
the pavement did not meet the design requirements. In most cases, proper 
maintenance operations were virtually nonexistent. 

The United States Corps of Engineers expressed their confidence that asphalt 
pavements are entirely capable of withstanding the channelized traffic and sup- 
ported this position with data from test panels constructed at their Flexible 
Pavements Branch at Vicksburg, Miss. The Air Force declined to accept this 
as conclusive evidence and requested that a demonstration-type section be con- 
structed under normal contract conditions. Kelly Air Force Base was selected. 

Existing criteria were applied to the test sections, except that the test loading 
requirements were increased from 1,500 to 30,000 coverages of 100,000-pound 
dual-wheel loads under accelerated traffic and at pavement temperatures in 
excess of 90°F. (It should be noted that this increase in coverages was a twenty- 
fold increase at high temperatures for flexible pavement. At the same time 
the increase in coverages for the rigid section was only sixfold.) 

During the construction of the pavement, it became apparent to the Asphalt 
Institute, serving as an observer, that the paving mix required by Air Force 
mandate was clearly too rich to sustain the accelerated test traffic immediately 
after construction, in the midsummer Texas heat. An experienced asphalt 
technologist knows how an overrich asphalt mix will behave. 

When the institute’s worst fears were realized and the pavement showed early 
distress, the asphalt industry proposed that the faulty test section be removed 
and reconstructed with a more appropriately proportioned mixture. The Air 
Force declared itself satisfied with the results and ordered the tests terminated— 
although normal procedure by experienced engineers under these circumstances 
would have been to modify the mix, making it leaner, and retest. 


ANALYSIS OF THE TEST 


For reasons not entirely clear, the test called for 30,000 coverages at ac- 
celerated rate of the 100,000-pound gear load at pavement temperatures not 
lower than 90°F.—although it is apparent that these extreme conditions will 
never be encountered in actual airfield operations. The existing mix design 
criteria then in use by the Corps of Engineers called for 1,500 coverages of 
accelerated traffic under high pavement temperatures. Pavements designed by 
these criteria are today carrying heavy bomber traffic without distress. 

The decision. to step up the tempo of the accelerated traffic in the hottest 
summer months must be recognized as an unrealistic requirement. This accel- 
erated traffic coverage was scheduled at a rate of 500 coverages per day which 
is the equivalent of a full month’s usage of the pavement under prototype traffic. 
To withstand this type of testing it is only logical that the asphalt mixture 
should have been designed with a proportionately leaner asphalt content. This 
was recognized by the Corps of Engineers. However, they were not given the 
oppertunity to adjust the mix and retest. 

Let us summarize the curiously mixed factors that were jammed into the test 
equation : 

1. The Air Force required the asphalt pavement to be designed on the basis 
of criteria established with 1,500 coverages of accelerated test traffic at high 
temperature. 

2. Test traffic applied at Kelly, however, was 30.000 coverages, or 20 times the 
amount on which the pavement mix design criteria were based. 

3. All test traffic was applied at Kelly under hich pavement temperature con- 
ditions, a situation not encountered in actual airfield pavements. As any tech- 
nologist knows, this is abnormally severe for asphalt pavement and not sim- 
ilarly severe for rigid pavement. 

4. Spacing of test traffic load wheels was 20 feet instead of approximately 
40 feet, as for the B—47 aircraft. This factor may have eliminated for all prac- 
tical purposes rebound and recovery factors and induced interfacial stresses of 
a high order of magnitude. 

5. So-called antistrip additive was placed in the hot asphalt mixture. This 
procedure is contrary to the published policy of the Asphalt Institute and could 
have contributed to the distress that developed. 
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In effect, the Kelly test was no test at all. This was recognized by an official 
of the Corps of Engineers who, at a conference of the interested parties, later 
declared the asphaltic concrete surface placed on the demonstration test section 
at Kelly AFB was, in his opinion, still the best flexible airfield pavement for 
prototype traffic and a pavement just a little bit leaner wouid have carried 
30,000 coverages of accelerated traffic without failure. 

In all probability, the pavement built at Kelly, under any but the special and 
peculiar circumstances of the test, would have demonstrated a capacity to serve 
the requirements of our heaviest bombers without distress during the normal 
life-expectancy of the pavement. 

One thing the aborted Kelly test did demonstrate: Base and subbase for flexi- 
ble pavement can be built by normal contract procedures that will withstand 
accelerated traffic of these heavy wheel loads, and perform to the complete 
satisfaction of the most exacting engineer. In the confused accounts of the 
Kelly episode this is a fact that has been obscured. 


NEW TEST CONDITIONS 


Since the Kelly test, the Asphalt Institute has learned that new test loading 
eonditions have been established which are not only totally without precedent 
but far exceed the limits of present engineering knowledge. The Corps of 
Engineers have embarked upon a program of testing pavements under 30,000 
coverages of test loads of 325,000 pounds on twin tandem gear (81,250 pounds 
per tire) at tire pressures of 325 pounds per square inch, and at pavement 
temperatures not lower than 90 degrees F. 

These wheel-assembly test loads are approximately three times those of the 
B-47 bomber. They are far in excess of landing-gear loads of any civil air 
transport, propeller or jet, existing or contemplated. 

Designing any type of pavement to meet these test loads is an extrapolation 
into the unknown which can be established only through research. Knowledge 
must be gained through continued testing. Yet, testing by the Corps of Engi- 
neers has been suspended because no further funds have been allocated by the 
Air Force. 

The Asphalt Institute believes this is a problem of vital concern to the national 
defense and the national economy. It feels that adequate research funds should 
be allocated from the defense budget if we earnestly hope to preserve properly 
engineered construction for our military establishment. With $43 billion of a 
proposed $72 billion national budget earmarked for the Department of Defense, 
the lion’s share of which will be expended for air defense, it seems reasonable 
to expect a modest appropriation for continued airfield-pavement research. 

The institute will, of course, continue its own research in this direction. Mean- 
while, however, if there is any construction method which has proved it can 
meet these new test conditions, the institute wishes to propose this interim 
solution: 

The pavement distress under these increased test loads occurs exclusively in a 
narrow track along the centerline of the runways and taxiways. Consequently, 
as an interim solution, it is suggested that the Corps of Engineers and the Air 
Force confine to the ends and center strips of its runways and taxiways what- 
ever special construction may be required to handle this unprecedented channel- 
ized traffic. It is further suggested that the remainder of the runways and taxi- 
ways continue to be constructed of asphalt pavements because of their proven 
adequacy and economy. 

This, we repeat, is offered as an interim construction policy in a period of 
aecelerated transition, both in aircraft and pavement design. 

It is pertinent to point out that 7 of our 10 busiest civilian airports are served 
by asphalt pavements. Nor does Commissioner James T. Pyle, of the Civil 
Aeronautics Administration, anticipate any need to make drastic changes in 
pavement design to accommodate tomorrow’s jet transports. He has expressed 
the conviction that today’s runway pavements, with some extensions where in- 
dicated, will be adequate for the transports now in design stage. 
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THE FALSE ANALOGY 


The Asphalt Institute is seriously disturbed by the misleading interpretation 
being assigned to the abortive and unrealistic pavement test at Kelly AFB. The 
erroneous conclusions are being applied, frequently in all innocence, to highway 
construction. 

Even if it were a valid test, which it was not, the Kelly AFB test could not 
yield data that would apply to highway paving needs. The extreme range of 
tire loads rules out even the remotest relationship. The maximum legal tire 
load permitted 011 our highways lies within the 5,000-pound-—6,000-pound range. 
The Kelly test used a 50,000-pound tire load. 

Further, highway truck tire pressures average 70 pounds per square inch; 
aircraft tire pressures used in the Kelly test were 200 pounds per square inch. 

In the last 10 years the technology of asphalt paving has made tremendous 
strides. Whether a flexible pavement can be designed and built to meet the 
almost incredible test loadings recently introduced at Vicksburg (325,000 pounds 
at 325 pounds per square inch, ete.) is a question that only time and patient 
research can answer. Whether any construction can pass the test is an inter- 
esting matter for conjecture. 

Meanwhile, thoughtful paving engineers will recognize the distinction between 
two very dissimilar pavement criteria (military bomber requirements versus 


civil airfield and highway needs) and will refuse to be led astray by a false 
analogy. 


ie 


rt 
of 


My 


iS 
ie 


it 
- 


n 


Ou 


AIRSTRIP PAVING MATERIALS 2107 
EXHIBIT E - 


CHANGING PATTERN OF PAVEMENT DESIGN FOR MILITARY AIRFIELDS 





1. Pavement structure at conclusion of 195 Congressional hearing. 


pie 


2. Design change approved in AF memo of June, 1955, establishing 
all primary taxiways as "critical areag,* 


3. Concrete specified for all "primary use pavement” in 
construction memorandum of May 26, 1956. 
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2110 AIRSTRIP PAVING MATERIALS 


EXHIBIT E-2 


DOW AIR FORCE BASE, BANGOR, MAINE 





Pavement Thickness Design And Bid Cost 


(Original Contract: October 29, 1955.) 


ASPHALTIC CONCRETE PORTLAND CEMENT CONCRETE 


50" ° -* : v ° Ta 

50" to emai sand « < 
52" pe - 
2 Y x 4 


eS. a 10% 


Lo n 





COST PER SQ. YD. — $4.08 15" pece concrete - $7.26 psy 
15" -17" p.c. concrete - $7.8 psy 
Weighted average cost - $7.7 psy 





«+-BUT WHAT HAPPENED WHEN COMPETITION WAS ELIMINATED ? ? 


Portland cement concrete pavement as 
contracted by negotiation in 


15". 


7 e* SPA A4 "AE dq 
“9 co" \ys x+ 


62" «> Qe 2229 O28 
so OS est tl | SUF 
S a0 
. - 43"- 
47" 





15" portland cement concrete - $9.2 p.s.y. 
15-17" portland cement concrete - $9.95 p.s.y- 
17" portland cemént concrete - $10./r3 p.s.y. 
19" portland cement concrete - $12.19 p.s-y. 
Weighted ave cost, per sq. yd. $9.95. 


Or 


SOnmo x 


b> 


Geleimal total B66 Q. cncsiccnsa ed a wo eaneandianen $6, 380, 755. 45 
Gristaal cost of piel TRG oi cccustcciatincsntiniakuaand 2, 920, 241. 00 
Original cost of items deleted June 1956_..._..-.---------_. 2, 383, 271. 00 

Cost of items left in original contract._.....__......-- ~~ 536, 970. 00 
Cost of revisions and additions paving items___._.______--___. 4, 445, 514. 00 
Cost of deleted items, replaced in October 1956...._.....-___ 1, 389. 00 

New cost of revised paving items_..............-.-...-._ 5, 873, 873. 00 
Original cost of pavement items.......................---. 2, 920, 241. 00 

NGG- cremiO ee ah ha him cibiomceniellh awl 2, 953, 632. 00 


Geiger Air Force Base, Spokane, Wash. 


RECONSTRUCTION AND EXTENSION, RUNWAY 8-21, AND EXTENSION OF ALERT 
TAXIWAY 


Contract: No. 45-108-57-101 
Bids opened: February 21, 1957 
Contract award: Schedule B 
Design: 
68,000 pounds on dual wheels 
25,000 pounds light duty, alert taxiway 


Asphaltic Concrete Runway, Taxiway, etc. : Inches 
Aaphaltic.comerete: sartacee Court’... 555 eeieeeeennranencan 1% 
Asphaitic concrete Minder Course... oe cw tecwencnnsnncs 1% 
Base, crushed gravel or rock, 14% inches minus___-__--_--------------- 6 
eR ey venetian Site earl i Aelaleilabiotetomedt dito 4 4 
SUCRE Oe MR CEI iiss saciid. nth once ond abnionananaion-sideannnaeinaaaaaee 20 

Ec eiccecner etic nash isk cl aemceiceecanicmtosehedatabacaantiimaderdtaramcamiaaaaaae 33 

Portland Cement Concrete Runway: 
yg ee eee a ee SR 11 
Ces SC OR era cha a ce ce cst prec eemceemepaeentpeirals 6 
FREON, MONIN iii cnnctdbitnietictnnns ‘nicecineeailbinicannni sees e Ren alhciiitihatajuttisiasiia 16 

SI Noe cise tsensesccsesciecraiies smadailpiosconcapaess pee mam at laa eae een 33 


Portland Cement Concrete Alert Taxiway: 
Portland cement concrete 10 
CRUE, GRUVOL OF COUN ott ccriicitrincnnieindinemidanaa 6 
Montrose sn Ger ial sects ccc cmeccssememenannsetmanapiaiemeninememaasiseeninaniaie 17 

33 
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Exuisit E-3 
Bid tabulation 












































| | Schedule A | Schedule B 
i 
Item Unit ij l Ot 
Quan-;| Unit Total ity. | Unit Total 
5) tity | cost cost | tity cost cost 
} 
sii sonst _ al aaa 
| 
Select material, fill, 4-inch minus. Cubic yard__| 83, 300 $2.70 | $224,910 | 95,500 | $2.63 $251, 165 
Subbase, 24-inch minus... .. ..do.......| 15,000 | 4.20] 63,000 70 | 20,00 1, 400 
Crushed gravel base, 1}4-inch |_....do__..__- 15,400 | 5.00 | 77,000 | 29,300} 3.85] . 112,805 
minus. 
Crushed stone base, 1}4-inch minus.| do. 22,000 | 7.50 |. 165,000 200| 10.00} 2,000 
Com paction__ eae Hour.._.--..] 500 | 25.00 4 are ee : 
Portland cement_____- a Barrel_._____| 30,300 | 4.00 | 121,200 | 95,400 | 4.85 | 462,490 
Portland cement conerete.__.°_.:..| Cubie:yard._} 20,200 | 20.00 | 404,000 |°63,600 | 12.10 | 769,560 
Asphalt prime material... ._- TW. .s< eke 360 70. 00 25, 200 | 110 55. 00 6, 050 
Asphalt tack material ea 130 | 75.00 9, 750 | 1 | 100.00 | 100 
Asphalt cement... __- 1. | 1,630 | 60.50 | 98,615 | 186 | 49.00, 9,114 
Asphalt concrete-___.___- aE -| 25,600 | 11.00 | 281, 600 2, 930 19.00 | 55, 670 
Paving items__.____ ET .dubesrassdbneeie ~ ha a0a,775 | abbnnd tema | 1, 670, 554 
— - Lae a bacimnataeailie Se 
Schedule A: 
68,599 square yards portland cement concrete, per square 
eS gan staan isnt eptecioiad essAlb vss eign omelet ined indie tiated $9. 97 
158,746 square yards asphaltic concrete, per square yard______ 5. 75 
Cost difference, per square yard. ___.........-.----...< 4, 22 
Schedule B: 
215,986 square yards portland cement concrete, per square 
I Sena cas tanh egw tcameseo ocala kasd ee deine lia oat 7. 55 
18,169 square yards asphaltic concrete, per square yard_.--~ 6. 09 
Cost difference, per square yard_.._......_..-._.._....... 1. 46 
Total bids: 
Schedule B, Gibbons & Reed 00. ee cece nceennns 2, 518, 315. 50 
Schedule A, Morrison-Knudsen Co., Inc_........---______- 2, 348, 991. 60 


7.2 percent savings (if awarded schedule A) ---__----__ 169, 323. 90 


AIRSTRIP PAVING MATERIALS 2113 


EXHIBIT E-3 


GEIGER AIR FORCE BASE, SPOKANE, WASHINGTON 





Contract #45-108-57-101: Alternate Schedules 


(Bids opened 21 February 1957) 


SCHEDULE "A" (25,000 tons asphalt; 20,200 cubic yards concrete) ...++$2, 345,991.60 
SCHEDULE "B" (2,930 tons asphalt; 63,600 cubic yards concrete)...++- 2,518,315.50 


Contract awarded Schedule "B" at an additional cost OLsnsesceceeeceed 169, 323.90 


ASPHALTIC CONCRETE DESIGN PORTLAND CEMENT CONCRETE DESIGN 


Asphaltic concrete 


Aggregate 
base 


Subbase 


free 
Select 


Material 


NOTE: When paving items only are 


compared, an additional savings of 


$18,455.10 might have been realized 


from Schedule "A". The total differ- 


ence on this basis was $187.779.00 





Exuisir E4 


COMPARISON OF ACTUAL PAVEMENT Costs AT EXISTING INSTALLATIONS 


The following items are cost comparisons of asphaltic concrete and portland 
cement concrete pavement with underlying parts of construction at various 
airfields, 

These items were taken from bid tabulations at the Office, Chief of Engineers, 
United States Army, Gravelly Point, Va., or were supplied by district engineers 
of the Asphalt Institute. 
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AIRSTRIP PAVING MATERIALS 2115 


(From Charles A. McKeogh, district engineer, the Asphalt Institute, 
New Orleans, La., April 26, 1957) 


ALEXANDRIA AIR Force Bask, ALEXANDRIA, La. 


Runway, portland cement concrete; taxiway, portland cement concrete; 
apron, portland cement concrete. 

Contract awarded to T. L. James Co., May 1955, for the construction of hot- 
mix asphaltic concrete taxiways, hot-mix asphaltic concrete overlay on runway 
with 1,000 feet portland cement concrete ends, hot-mix asphaltic concrete shoul- 
ders and blast pads. 

The following contract modifications were initiated in the order listed: 

1. Asphaltic concrete shoulder paving deleted. 

2. Asphaltic concrete taxiway changed to portland cement concrete. 

8. Runway asphaltic concrete overlay changed to portland cement concrete. 

4. Blast pads, width changed from 50 feet to 25 feet. 


ORIGINAL CONTRACT UNIT PRICES 


Flexible base: Portland cement concrete: 
Crushed aggregate base, $4.96 per Portland cement concrete, $9.97 per 
eubie yard. cubie yard. 
Asphaltic concrete, $6 per ton. Cement, $4 per barrel. 


Asphalt, $20 per ton. 


Note.—Portland cement concrete was a 5.75 sack mix. Binder and surface 
course mix average asphalt content estimated at 4.6 percent. 


Runway overlay pavement design 


Feet 
Length of overlay PR VOR Rik cece iene ARES ectacnnnnee 6, 000 
Width of overlay PA VOM@R bin 66 ne inkase ann nncncewencnndtace 150 
Flexible base: Portland cement concrete : 
Crushed aggregate base course, Portland cement concrete, mini- 
minimum 7 inches. mum 9 inches. 


Asphalt binder course, 24% inches. 
Asphalt surface course, 1% inches. 


Actual overlay thickness of the portland cement concrete varied 9 to 17 inches. 
The original contract asphaltic concrete quantity was 63,000 tons. The dele- 
tion of the shoulder paving and changing the taxiways to portland cement con- 
crete reduced the tonnage to approximately 32,000 tons. An adjustment of the 
asphaltic concrete price for ramps, blast pads, and runway overlay was as follows: 


Asphaltic concrete (ton) ..............~. iR J lek ae $6. 32 
AEBRAM (1d, CHADGR) niin niente Sechiechtetei dele bil ctiidinienainiael 20. 00 
Concrete aggregate base course (cubic yards) ~~------------_--- ee 5. 21 


The runway overlay was changed to portland cement concrete which resulted 
in an adjustment of the portland cement concrete prices as follows: 


Portland cement concrete (cubie yards) ~......._-..-_L.._........... $11. 20 
Cement (barrel-te TRNNNN is a eos 4. 00 


The portland cement concrete overlay thickness varied 9 to 17 inches. It re- 
quired approximately 36,000 cubie yards to complete the overlay. The contractor 
furnished this 36,000 cubic yard figure. 

The 36,000 cubic yards of portland cement concrete used to complete the over- 
lay of the 6,000 feet by 150 feet runway section indicates an average thickness 
of 13 inches. This average thickness was used to calculate an estimated cost 
of the flexible overlay for comparison with the portland cement concrete overlay 
cost. 

Flevible base 
4 inch asphaltic Comet iicnickcccccecdcusin cman $155, 680 
9 inch crushed aggregate base course___._---_--_-__-----_----..... 130, 250 


TPR | CII ccc eetecsesek snscitnasnapraieael oi ciioiiegaic sani aiuto talus 285, 930 
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Portland cement concrete 


Ren ti UIE:  CENPOIO a en ae $403, 200 
Portland cement 


Total cost 610, 200 


Portland cement concrete i 
Flexible 285, 930 


BA, JON COGS: BY <n ers cd cnt code Be TEU 324, 270 


Note.—Verbal reports estimated that the portland cement concrete overlay cost 
was an additional $300,000 or as stated “around $300,000.” 

Nore.—All information was obtained from an employee of the contractor by 
telephone. All calculations were made by the writer (C. A. McKeogh) based 
on the information obtained. 

The explanation given for changing the flexible overlay to a portland cement 
concrete overlay was that a crushed gravel was to be used for the base course. 
The job specifications permitted the use of crushed gravel, and the contractor bid 
the job to use crushed gravel. 

Crushed limestone, for base course, was available from Fort Smith and Big 
Rock, Ark., and a survey would probably show other economical sources. 

There was no objection to the use of crushed gravel for the asphaltic concrete 
pavement. 


LittLeE Rock Arr Force Bask, Littre Rock, Ark. 


Runway: Hot mix asphaltic concrete, 1,000 feet portland cement concrete ends. 
Taxiways : Hot mix asphaltic concrete. 
Apron: Portland cement concrete. 


FIRST CONTRACT, AUGUST 1955 


Contract awarded to Tecon, Dallas, Tex. 

Runway: 8,100 feet by 200 feet; 6,100 feet hot mix asphaltic concrete, 1,000 
feet portland cement concrete ends. 

Taxiways: Hot-mix asphaltic concrete. 

Apron: Portland cement concrete. 


DESIGN 


Flexible : 
4 inch asphaltic concrete 
6 inch crushed aggregate base course 
14 inch select material subbase 
Rigid : 
15 inch portland cement concrete 
17 inch portland cement concrete 


Item Quantity Unit price 


15-inch portland cement concrete pavement. : 257,000 cubic yards 

Portland cement seddkbh.dtsaus cody CSRS Ceestcedccesc- 
Prime coat , 103,900 gallons 

Tack coat. : 41,100 gallons _- 

Crushed aggregate base a 37,400 cubie yards 

Select subbase ‘ JS eli 102,000 ecubie yards___....--- 
gana concrete... -_-- . 


| 642,000 gallons 





Fogo tw 
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SECOND CONTRACT, SEPTEMBER 1955 


Contract awarded to Farnsworth & Chambers. 
Taxiway: Asphaltic concrete. 
Calibration hardstand: Portland-cement concrete. 


Item Quantity Unit price 


15-inch portland cement concrete pavement 
Portland cement .._..-_- ‘i 

IS Sa6e dw en teneenaeee 

Tack coat_ 

Crushed aggregate base- 

Select subbase ees lee ithe 

NS QUINN nda - ods Sab Sih adder odd pbeeeaenehts ton... 
Asphalt gallon. 


SSSSSSE5 


THIRD CONTRACT, OCTOBER 1955 


Contract awarded to Farnsworth & Chambers. 
Apron: Portland-cement concrete. 
No alternate bid. 


Quantity Unit price 


15-inch portland cement concrete pavement cubic yard__ 151, 700 $6. 34 
Portland cement ‘ barrels... 208, 600 3. 88 





FOURTH CONTRACT, FEBRUARY 1957 


Contract awarded to Ben Hogan Co. 

Runway extension: Portland-cement concrete. 
Taxiway: Portland-cement concrete. 

No alternate bid. 








Item Quantity Unit price 


15 inches to 17 inches portland cement concrete pavement_____......| 36,000 cubic yards... $7.96 
Portland cement | 51,500 barrels ‘ 





KetrLy Arr Force Base, SAN ANTONIO, TEX. 
Contractor: H. B. Zachry Co., July 1955—October 1956. 


DESIGN THICKNESS 
Flexible pavement : 
18-inch select subbase CBR— 15 plus. 
12-inch select subbase CBR—40 plus. 
6-inch crushed aggregate case CBR—S80 plus. 
4-inch asphaltic concrete. 
Rigid pavement: 
6-inch select subbase. 
18-inch portland cement concrete. 
20-inch portland cement concrete. 


Price per square yard 


Item 


40 inch flexible pavement (runway) -.._-. 7 
18 inch-20 inch portland cement concrete (runw ay) , 
18 inch portland cement (apron_. 
ll inch portland cement (ove rlay). 
18 inch portland cement (apron) 
18 inch-20 inch portland cement concrete (taxiw ay) _- 
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Nore.—Information on the last two items above (those with question marks) 
is not firm. File not immediately available to the party that obtained the in- 
formation for the writer. This will be difficult to obtain accurately as there 
was a large contract modification when the asphaltic concrete taxiway was 
changed to portland cement concrete. 


Larepo Arr Force Base, Larepo, Trex. 


Contractor : Cage Bros. (October 1953 to June 1954). 
Parallel runway and taxiways. 
Flexible base design : 
8% inch, 7% inch select subbase. 
6 inch crushed aggregate base. 
314 inch asphaltic concrete. 


Price per square yard 


Item Square yard Price per 
square yard 
PE ae ee ee TREE E ST LAME REET 125, 000 $2. 62 


ESE re ee ee ee te ee 71, 067 2. 92 


Contractor: Cage Bros. (January 1952-June 1952; runway extension and 
taxiway. 
Alternate bids. 
THICKNESS DESIGN 
Flexible base: 
10-inch, 11-inch crushed aggregate base. 
8-inch asphaltic concrete. 
Rigid: 6-inch, 7-inch portland cement concrete. 


Item Square yard | Price ogous 
yar 
Sr Sr in dtlemomies enisegnaipbeaigcabeptoe easton 31, 661 $2. 04 
a ssssuuesussecees 33, 742 2.01 
Portland cement concrete, Sa a i 2.37 
SG GREETS COE, FUER i cccicncucccccsocesdncccccendéasousccore 2. 62 


1 Alternate bid. 
LAUGHLIN Ark Force BASE, Det R10, TEx. 


Contractor: Cage Bros. (February—September 1922). 
Runway extension and taxiway—alternate bids. 


THICKNESS DESIGN 
Flexible base: 

6-inch crushed aggregate base. 

38-inch asphaltic concrete. 
Rigid: 6-inch portland cement concrete. 





Item | Quantity Price per 
square yard 

Dienible asd SUMWAT....2220622c00c0n dh Wh 17,400 square yards.........- $2. 23 
Flexible base taxiway- siihconiaichemaetinaemeebeieag ones ‘ae 2.2 
6-inch portland cement concrete runway. aiblestitiitsndnispainadient Alternate eeknieseotee 3.34 
6-inch portland cement concrete taxiway. ese Al tie cc aie liitesertbcretnaiines a 3.34 
Runway extension and taxiway, design same as above: flex- 

a sahlerennlieeiieeebetinainaisiiniohaamieiaee 79,920 square yards.......... 2.17 


Contractor: H. B. Zachry Co. (April 1958 to March 1954). 
Parallel runway and taxiways. 


Flexible base runway 
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THICKNESS ‘DESIGN 
Flexible base: 

11-inch crushed aggregate base. 

38-inch asphaltic concrete. 


Item 


Flexible base taxiway 








Tabulated below are the square yards of rigid pavement placed and price per 
square yard during the period 1955 to present. No flexible base bids were 
requested. 





Item Thickness | Square yards} Price pei 
(inches) square yard 
DOIN 5 shh nd ch tnniphinittin <hbb iit nih abmnteleke Chitin dake 6 89, 758 $2. 62 
Ia, Diccctrantictshdas darecuripprentir Aelsadiiedariegpnetelansamaamaaeeaiea 6 49, 632 3. 44 
Spt scielrestshabelons hdl win dnBicre speed 4 Asa ai eeemhtinnare tes ll 1, 100 5.06 
TO slidb ddd ekatdsinedbck BW San. Rat. lide Gpaelbe 7 6, 498 3. 21 
DOi Hack bttbilin seid bab asp 5 5s bis Sia inb og ath ente 10 3, 250 6. 50 





LAKE CHARLES AIR Force Base, La. 


Contractor: T. L. James Co. and W. R. Aldrich, awarded March 1955. 

All airfield pavement portland cement concrete. 

Asphaltic concrete shoulders. 

Tabulated below are the square yards of portland cement concrete airfield 
pavement with the price per square yard: 








Award date Price per 
square yard 
PU Io 6 sain dhceb hn dnb teas baba beidcaades $5. 98 
el ahisaen Dinind deans pptuhteanalounamnionnctuebciadiis. 7.30 
liiiindis nckowehdeyinardanébcinstueopbeediebamenidammedicadalattal 7.75 
SI WO io Sa ea ek an acenassqecdsgeubssdusstbeallssied 8.95 
Di cccil nano apunie aac aboinwathinntimatdasiatane iia 9. 61 
SET MUON ts 2s. chins imdb sas ed abe binds Detaaaeeiaalaid 8. 22 
INI TI 5 «no scspuala iit leiden ea ammnamaniienndeead 6. 82 
April 1954____- Leddcccokasectudusdnseussdun te Minccebsavesadsise 9. 98 
STINET I ccceninicsssaiimeninien jacana auiacelbiummietteiiiiee 11.31 
POE TOOE. 2. weckccivcs nptiedan dus 8. 84 
TU TSA 6 ainsi cele gunidibiumaipenataasae wena Sania aaat 8. 36 
RE Feo nteecaiictnctinindh tics eeneiaaiaodaeidaeay 9. 68 
DG octet dad A SeehahcCieisecchbbntuehoaiokee 9. 56 
Thickness design of flexible base shoulders and blast pad: 
6-inch select subbase. 
6-inch crushed aggregate base. 
38-inch asphaitic concrete. 
Item Square yards Price per 
| square yard 
IIIT 10, 100 eemniaveiishnnadidnedihaliies saciemaaieds dieadeciiaiama ae ata 80, 178 $4.99 
BED Was nd mew egs dean siete nce eens gat oti nal i eae 9, 600 4.10 
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Exutsirt E-5. SUPPLEMENTAL MATERIAL 


THE ASPHALT INSTITUTE, 
Kansas City, Kans., May 24, 1957. 
Subject: Richards-Gabaur Airbase, Grandview, Mo. 


Mr. Arvin S. WELLBORN, 
Chief Engineer, The Asphalt Institute, 
University of Maryland, College Park, Md. 

Dear Mr. WELLBOKN: In accordance with our telephone conversation yester-. 
day, we have obtained the following information, as requested, pertaining to the 
original plans for overlay of runways on the Richards-Gabaur Air Base at 
Grandview, Mo.; and following this development the withdrawal of plans for 
overlay and orders received for local consultant firm, Burns & McDonnell, to 
develop plans for immediate letting of complete portland cement concrete runway. 

Originally the plans were to repair completely all existing cracked and broken 
areas on a 5,500-foot section of the existing north-south runway with asphalt 
and then overlay the entire surface with 2-inch asphaltic concrete. In discuss- 
ing this with Elmer Miller, with Burns & McDonnell, we indicated this was not 
an adequate amount of asphalt overlay and he too agreed with that. However, 
his instructions were to carry on since this plan was being used as a temporary 
expedient to protect the jet fighter planes using the field from particles of con- 
crete which were scaling off and damaging the motors; and it was contemplated 
that some time within the next few years a major construction program would 
be executed. 

1. On April 23 plans and specifications for the original 2-inch overlay were 
released for bid with the letting scheduled for May 10, 1957. 

2. On May 8, 1957, the letting date. was postponed until May. 15, 1957. 

8. On May 13, 1957, proposals for resurfacing were withdrawn and instruc- 
tions were received from USAF Headquarters in Washington to initiate a major 
construction program. 

4. After consultation between the consultant and Air Force engineers, the 
consultant was instructed to design a portland cement slab with request that 
plans be rushed for a notice of letting on May 29 with a scheduled bid opening 
on June 20, 1957. 

Design is to be for 25,000-pound single-wheel load and 200 per square inch tire 
pressure. Present design is for 11 inches of portland cement concrete with 4 
inches of crushed stone base. 

This airbase is now serving jet fighters and conventional aircraft of all kinds 
and intended future use is for Jet 102 fighters as well as all kinds of conven- 
tional aircraft. 

Very truly yours, 
M. R. Royer, District Engineer. 


Exnuisit E-6.—SUPPLEMENTAL MATERIAL 


Esso STANDARD Ort Co., 
New York, N. Y., June 4, 1957. 
Mr. ARVIN WELLBORN, 
The Asphalt Institute, Asphait Institute Building, 
University of Maryland, College Park, Md. 


DeaR Mr. WELLBORN: During the past week, I had an opportunity to visit the 
subject Air Force installation to view the concrete ramp which was completed in 
1956 by the Lane Construction Corp. This ramp, approximately 18 acres in 
extent, consists of a 14-inch concrete pavement placed on a 40-inch granular base. 

The ramp appeared to be well constructed and the cross section of the concrete, 
as viewed at a test hole, appeared to be dense and with no segregation of aggre- 
gate in the concrete mixture. The aforementioned test pit was cut through the 
concrete in an area where a long crack had appeared in the concrete in March of 
this year and which has now opened up to approximately one-eighth of an inch at 
the surface. The crack goes through the entire slab. I was informed that the 
crack had started as a very fine hair crack and has become progressively larger. 
I walked over much of the ramp area and spotted several similar cracks through- 
out the ramp which have all been dated as to the time they first appeared by field 
personnel. A few early cracks, apparently caused by poor drainage, have widened 
sufficiently to require their being filled with crack sealer. 
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In spite of the fact that the workmanship appears to be excellent, the progres- 
sive appearance of cracks is causing great concern to the Air Force and I have 
information from an authoritative source that the Air Force is considering 
the condemnation of the entire apron, which has had no traffic, the removal of the 
slab, and a buildup of the granular base to 56 inches prior to the placement of 
another pavement. A decision on this matter is expected in the near future. 

I was informed that the concrete paving of the new runway, under construction 
by J. R. Cianchette, bas been stopped pending a decision by the Air Force as to 
their future course of action with respect to all concrete paving. I am informed 
that cracks are also appearing on the concrete taxiway and on the runway 
although I had no opportunity to observe either of these installations personally. 
I was informed, however, that the concrete taxiway, also built by J. R. Cianchette, 
was somewhat rougher than the apron paving placed by Lane. 

In connection with the Cianchette contract, it is my understanding that the 
contractor is being paid $8,000 per week for rental for idle equipment used on the 
job. I do not know when this rental arrangement became effective but assume 
that.it would apply since the date when the contractor might have been able 
to commence work this spring and will extend until a decision is reached on the 
paving so that the contractor can go back to work. 

I will keep in close touch with this situation and expect to have some indication 
of the decision relative to remeval of the concrete slabs now in place and the 
“beefing up” of the granular base. 

Very truly yours, 
W. D. Crate. 
By A. R. Curtis. 
Mr. Héserr. All right, Mr. Wellborn. 


Mr. We.izorn. The material in our exhibits falls into five cate- 

ories. 
. Exhibit A is a chronological record of events since the suspension 
of the 1954 congressional hearing on this subject. I believe it pro- 
vides a coherent background for this hearing. Beyond that, it offers 
an interesting study in tactics, with the Air Force apparently ma- 
neuvering persistently toward total elimination of asphalt paving 
from all airfield pavement areas on its installations. 

Neither will I dwell for long on exhibit B which simply documents 
the recognized and unchallenged economy of asphalt construction. 
This simple engineering fact is unquestioned in highway building 
and we find here supporting statements by both military and civilian 
airfield experts pointing up the fact that this construction cost differ- 
ential between asphalt and concrete is carried over into airfield con- 
struction. 

Exhibit B-2 shows cost differences offered by Mr. Earle C. 
Peck, supervising civil engineer, Headquarters, Technical Training 
Air Force, United States Air Force. 

Exhibit B-3 indicates the tremendous savings realized by the city 
of Chicago in the construction of a new runway at O’Hara Field. 

Exhibit B-4 includes an excerpt of an official memorandum from 
Brig. Gen. David H. Tulley, then Assistant Chief of Engineers for 
Construction, United States Army, to Chief of Staff, United States 
ord Force. I believe part of this memorandum is worth repeating 

ere: 


A summary of the tabulation also furnished your headquarters, discloses 
that on a nationwide average, the rigid-type pavement (portland cement con- 
crete) costs 83 percent more for heavy-duty pavements and 90 percent more 


for light-duty pavements than for the equivalent pavements in the flexible type 
(bituminous). 


Although the tabulation to which Brigadier General Tulley refers 
was made in 1952 and 1953, there is no reason to expect. the cost 
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differential between the two pavement types to be any less today on 
a competitive basis. 

Exhibit C documents the Asphalt Institute’s contention that heavy- 
duty asphalt pavements are now carrying the heaviest aircraft traflic— 
and doing a superb job. This is confirmed by Air Force engineers 
themselves. Exhibit C-3 contains a statement attributed to Gen. 
Curtis LeMay to the effect that only two United States airfields— 
at Merced, Calif., and at Limestone, Maine—are properly ye 
to handle the huge intercontinental bombers, This exhibit includes 
pictures of these two airfields. Please note that they are largely con- 
structed with asphalt. Exhibit C-4 contains a statement by Mr. 
Paul T. Sutton, pavements engineer, Air Proving Ground Command, 
Eglin Air Force Base, Fla. 

would like to call your special attention to this statement as it is 
an excellent analysis by an Air Force engineer of the Air Force criteria 
eliminating asphalt. 

Exhibit C—6 contains an exhaustive survey, by institute field en- 
gineers, of certain continental air bases designated as SAC installa- 
tions, as well.as others. The inspection reports indicate that these 
asphalt-paved runways and taxiways, used extensively by our heaviest 
jet bombers, are performing generally to the satisfaction of the base 
and plane commanders, and certainly to the satisfaction of the tax- 
payers if we can judge by the paving economy disclosed in these 
reports. I would like to emphasize that the few isolated instances 
of asphalt-pavement distress are exceptions to the general pattern— 
and, in every case, can be explained by faulty design, construction, 
or maintenance procedures, 

The Air Force has attempted to discredit heavy-duty asphalt air- 
field pavements by citing several cases of distress in taxiways sub- 
jected to B-47 channelized traffic. In not a single case cited had the 
asphalt pavement been designed for channelized traffic. At the time 
these pavements were built, the effects of channelized traffic were not 
known. Exhibit D offers a somewhat more analytical study of these 
alleged pavement failures. 

Exhibit D also contains an engineering analysis of the so-called 
Kelly test, on which the Air Force leans heavily when passing critical 
jeden on asphalt pavements. The exhibit is self-explanatory, 

ut I would like to go one step further and point out that if one were 
deliberately setting out to discredit asphalt. pavement, he could set up 
no better situation than the Kelly test. These are the conditions 
imposed in this unrealistic test: 

1. The Air Force required the asphalt pavement to be designed 
on the basis of criteria established with 1,500 coverages of accelerated 
test traffic at high pavement temperature. 

2. Test traffic required at Kelly, however, was 30,000 coverages, that 
is at high temperature, or 20 times the amount on which the pavement 
mix design criteria were based. Therefore, for these conditions, 
the asphalt mixture was clearly too rich. 

Missing the asphalt content is certainly not an indictment on the 
Corps of Engineers. Remember, they were testing to learn what 
should be the proper asphalt content under these loading conditions. 


Our point is that the Air Force should have permitted a correction 
and retest. 
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3. All test traffic was applied at Kelly under high pavement tem- 
perature conditions, a situation not encountered in actual airfield 
avements. As any technologist knows, this is abnormally severe 
or asphalt pavement and not similarly severe ‘for rigid pavement. 
The severe test on rigid pavement would be loadings in extreme cold 
nighttime conditions. 

4. Spacing of test traffic load wheels was 20 feet instead of approxi- 
mately 40 feet, as for the B-47 aircraft. This factor may have 
eliminated for all practical purposes rebound and recovery factors 
and induced interfacial stresses of a high order of magnitude. 

5. So-called “antistrip” additive was placed in the hot asphalt mix- 
ture. This procedure is contrary to the published policy of the 
Asphalt Institute and could have contributed to the distress that 
developed. 

In effect, the Kelly test was no test at all. This was recognized by an 
official of the Corps of Engineers who, at a conference of the interested 
parties, later declared the asphaltic concrete surface placed on the 
demonstration test section at Kelly AFB was, in his opinion, still the 
best flexible airfield pavement for prototype traffic and a pavement 
just a little bit leaner would have carried 300,000 coverages of acceler- 
ated traffic without failure. In fact, within a few weeks after the 
Kelly test was stopped, it was proven at Vicksburg Waterways Ex- 
periment Station that asphalt pavement could be built to withstand 
the unrealistic conditions imposed at the Kelly test. 

In all probability the pavement built at Kelly, under any but the 
special and peculiar circumstances of the test, would have demon- 
strated a capacity to serve the requirements of our heaviest bombers 
without distress during the normal life expectancy of the pavement. 

I think it’s noteworthy, in passing, to refer to the fact that the 
failed asphalt surfacing on the test section at Kelly was removed 
with a blade grader after the test and replaced with a standard-con- 
struction heavy-duty hot-mix-asphalt surfacing. We were led to 
understand that this taxiway has now been in constant service for 9 
months, carrying channelized bomber traffic, and is performing ex- 
cellently—just as all asphalt pavements will do when properly de- 
signed and constructed. 

We have established the undisputed economy of asphalt paving in 
exhibit B and demonstrated in exhibit C its ability to serve our 
heaviest bomber traffic. In exhibit D we have explained why the 
Kelly test was not a true test of the performance of asphalt pave- 
ment under channelized bomber traffic. I will close now with a few 
appropriate observations on the material cataloged under exhibit E. 

By June 1956, the Air Force had accomplished its pavement mis- 
sion. Without any formal change in paving policy, the Air Force 
had relegated asphalt paving to training fields, ranway overruns and 
shoulders—and here only on an if, as, and when basis, subject to review. 
Asphalt had been ruled off of those areas not subjected to channelized 
traffic where it could, without question, serve adequately. All work up 
for bids at this point was flagged down and the asphalt alternates 
killed. Where actual bids had been received, new bids were asked 
specifying concrete paving only, and contracts already awarded were 
renegotiated. 

94407--57-—_17 











2124 AIRSTRIP PAVING MATERIALS 


A case in point was the Dow Air Force Base near Bangor, Maine. 
Here we have the story in a nutshell. These are alternate designs. 
May I have the chart up there, please. 

ote are alternate pavement designs, one asphaltic concrete and 
the other portland-cement concrete. hen bids were first taken in 
October 1955 both types of pavement were to be used on the field, de- 
pending upon the critical nature of the area to be paved and on the 
cost differential where asphalt was acceptable. The asphaltic concrete 
bid was $4.08 per square yard. Various thicknesses of portland- 
cement-concrete pavement were bid at prices ranging from $7.28 to 
$7.84 per square yard. 

But the new criteria memorandum of May 28, 1956, washed these 
figures off the board. In July 1956 the contract for Dow Air Force 
Base was renegotiated on an all-concrete design, as you see on the 
chart on the blackboard. 

Here’s the result: 15-inch portland-cement-concrete pavement that 
was bid in at $7.28 per square yard in competition with asphalt pave- 
ment was raised to $9.42 per square yard—an increase of $2.14 per 
square yard with only the addition of 12 more inches of sand-gravel 
subbase. In the absence of competition, the cost of concrete paving 
jumped 29 percent. The total cost of paving items for this project 
soared from $2,920,241 to $5,843,843. 

Now let’s consider a different type of situation. Geiger Air Force 
Base at Spokane, Wash., is not a heavy-bomber base. The design 
does not call for a heavy-duty pavement and there’s no earthly reason 
for barring asphalt pavement. Although alternate bids were taken, 
the Geiger contract was awarded to the higher bidder for all-concrete 
construction. 

Gentlemen, exhibit E and its supplements also offer several other 
examples of this type of disregard for economy and fair competition 
in airfield paving. I commend them to your earnest consideration. 
Thank you. 

Mr. Héperr. Does that complete your statement? 

Mr. We.LiLBorN. Yes, sir. 

Mr. Héserr. Mr. Wellborn, in your statement you indicated an 
officer or official of the Corps of Engineers. You did not identify 
the individual. Who was it? 

Mr. Gavin. On page 4. 

Mr. Wetxzorn. This official was Mr. Turnbull, Mr. Hébert. 

Mr. Hépserr. That is the gentleman who has been here? 

Mr. Wetieorn. Is present today, I believe. 

Mr. Héserr. Correct. 

Now in connection with the Dow Air Force Base, I understand you 
to say that it was noncompetitive and arbitrarily given to concrete, 
which caused the immediate rise in the price, of some $2 million ? 

Mr. Weiporn. Yes, sir. It was first let to the original criteria es- 
tablished by this committee. 

Mr. Hésert. In other words, bids were received on the original 
criteria / 

Mr. Wetieorn. Yes, sir; and the contract awarded. 

Mr. Hepert. The contract awarded to flexible, or asphalt? 

Mr. Wetieorn. A combination of flexible and rigid. 

Mr. Héserr. Then it was canceled and then awarded to the con- 
crete—or the rigid? 
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Mr. Gavin. No. 

Mr. Hésert. That is what he said. 

Mr. Wetieorn. It was renegotiated. f 

Mr. Gavin. There were new criteria submitted in the new bid, 
wasn’t there, from 1955 to 1956? It says, “New criteria memorandum 
of May 28, 1956, washed these figures off the board.” 

Mr. Héserr. That is correct. 

Mr. Wetizorn. And the contract was renegotiated. 

Mr. Hftzert. Renegotiated. 

Mr. Gavin. That is right. 

Mr. Hfperr. Renegotiated up? 

Mr. Gavin. What was the new criteria memorandum for the one 
that was asked for in the bid taken in October of 1955 ? 

Mr. Weuizorn. It is the criteria which is in question at this meet- 
ing, I believe, Mr. Gavin. 

fr. Gavin. Was the criteria different in 1956 than it was in 1955? 

Mr. Wetieorn. Yes, sir. 

Mr. Gavin. Well, would that make a difference in the bidding, if 
the criteria was changed—in the price? 

Mr. Wetizorn. Well, the contract was renegotiated, Mr. Gavin. 
It didn’t have any bids on the second contract. 

Mr. He&pserr. Renegotiated up, of over $2 million; is that correct? 

Mr. Wetizorn. Yes, sir. 

Mr. Héserr. That is correct? 

Mr. Wrixporn. Yes, sir; to the best of my knowledge, it is correct. 

Mr. Hévert. Now in connection with the observation that you 
made, Mr. Wellborn, on the Kelly tests, Mr. Courtney, will you 
notify the Air Force that we expect them to have competent witnesses 
to answer in detail each one of these allegations made by Mr. Well- 
born ? 

Mr. Courrnry. Yes, Mr. Chairman. 

Mr. Rivers. Mr. Chairman, at that poimt, under what authority of 
law can they change a competitive bid and substitute a negotiated bid ? 
I think they do it under the theory of something critical during the 
course of construction. 

Mr. Courtney. No; it gets back to the proposition that the sub- 
committee considered, Mr. Chairman. 

Mr. Hénert. Negotiation against competitive bidding. 

Mr. Courtney. Under the emergency powers of the Korean national 
emergency. 

Mr. Rivers. You see, because 95 percent of all construction is com- 
petitive. 

Mr. Courtney. Yes. 

Mr. Rivers. And 95 percent of the spending is negotiated. 

Mr. Courtney. That is right. 

Mr. Rivers. The overall spending. 

Mr. Courtney. That is right. 

Mr. Rivers. But in the construction phase of the military, it has 
been boast fully said that all of our stuff is competitive. 

Mr. Courtney. Nevertheless, that is voluntary compliance, if you 
please, with the advertised competitive-bidding procedure. 

Mr. Rivers. I think we write it in the public-works law. I believe 
we covered it in all the public-works statutes. 
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Mr. Courrney. You still haven’t taken away the Korean national 
emergency. 

Mr. Rivers. So that would come under that emergency. 

Mr. Courtney. It could. 

Mr. Rivers. So all that would have to be done, Mr. Courtney—I 
wish you would check this—would be for somebody to certificate the 
emergency feature of a project, and all negotiations can be obviated 
or discarded. Is that as I understand ¢ 

Mr. Courtnry. That is my understanding. 

Mr. Rivers. Is that your understanding? 

Mr. Courtney. That is my understanding. 

Mr. Rivers. I wish you would check it. 

Mr. Courtney. I will check it. 

Mr. Hézerr. That is the reason we want the competent witnesses of 
the Air Force to answer in detail each one of these allegations made by 
Mr. Wellborn. 

Mr. Mitxer. Mr. Wellborn, you speak of changing the criteria now. 
Do I understand that there was a change in the criteria for permanent- 
type pavement, during the time it was bid in connection with the flex- 
ible type as against the time it was negotiated, or did they negotiate 
on the same basis for permanent pavement that originally took place in 
the first instance ? 

Mr. We.porn. Mr. Miller, first let me say I don’t understand the 
term, permanent pavement. I don’t believe there is such a thing. 

Mr. Mixture. All right, let’s say concrete pavement and asphalt 
pavement. I recall the other day I had to say permanent and flexible. 

Mr. Wetteorn. Of course, I am not familiar 

Mr. Rivers. Rigid and flexible. 

Mr. Wetizorn. Yes. Of course, I am not familiar with the details 
of renegotiation. I am only familiar with the dates in which the 
original bids and contract were awarded. 

Mr. Mitier. Was there any change in the specifications, for rigid 
pavement ? 

Mr. Wevuporn. There was a slight change—there was a change 
as I said in my statement, where they added, I believe, as I recall, 10 
inches more of subbase under the concrete pavement on the renegoti- 
ated contract. 

Mr. Hess. Mr. Wellborn, let’s get the story of this Geiger Air Force 
Base at Spokane, Wash. When was that contract \et? 

Mr. Wetteorn. The contract was let, as I recall, about 4 months ago. 
I don’t have the date. 

Mr. Hess. That was after the new criteria ? 

Mr. WeLLBorn. I understand February of 1957. 

Mr. Hess. Then it was after the May 28, 1956, new criteria? 

Mr. Wetizorn. Yes, sir. However, they did still take alternate 
bids. 

Mr. Hess. Yes; I noted that you said that, that they asked for alter- 
nate bids. Well, can you give any reason at all why they should ask 
for alternate bids after the new criteria was put in effect? 

They asked you to go to the trouble, or asked the contractor to go to 
the trouble, to give alternate bids on something that they knew they 
were not going to build. 
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Mr. Wetxporn. That is a mystery to us, Mr. Hess. This is a light- 

duty field, too. This is not a heavy-duty field. 
r. Hess. I say, that seems to be the story here, doesn’t it? 

Mr. WeELLBoRN. Yes, sir. 

Mr. Hess. Asking for bids on something that they knew, that their 
own criteria which they laid down, would not permit them to do. 

Mr. Wetizorn. I don’t know what their intentions were, but the 
results were quite—— 

Mr. Hess. They took the high bidder? 

Mr. WeLLBoRN. Yes, sir. 

Mr. Hess. Was it the high bidder on rigid ? 

Mr. Weixporn. Yes, sir. 

Mr. Hess. The high bidder of all bidders on rigid. 

Mr. Courtney. No. The high bidder was rigid. 

Mr. Hess. The high bidder was rigid. 

Mr. Bucuanan. As between the two. 

Mr. Hess. I see. 

Do you happen to know the differential there between—— 

Mr. WetiBorN. $169,000, I believe. 

Mr. Hess. All right. 

Mr. Rivers. I want to ask Mr. Wellborn a question for the record, 
and Mr. Buchanan. 

Now your institute carries on research organization ? 

Mr. Wexiporn. Yes, sir. 

Mr. Rivers. It is an extensive one, Mr. Wellborn ? 

Mr. Bucuanan. May I answer that, sir ? 

Mr. Rivers. Yes, I directed the question to either of you gentlemen. 

Mr. Bucuanan. Yes, sir. Our research program is carried out 
under 3 classifications, that is, 3 phases. At College Park, Md., where 
we have headquarters offices and laboratories we concentrate our in- 
vestigational work on asphalt mixture design. On asphalt as a ma- 
terial the research work is done at our member company laboratories. 
They have extensive research facilities. It represents really millions 
of dollars. They are better equipped to do the research work on as- 
phalt as a material. 

Mr. Rivers. When you say member companies, do you mean the 
manufacturing companies ? 

Mr. Bucwanan. Yes, sir, the asphalt producers who support the 
institute. 

Mr. Rivers. And they are part and parcel of your organization ? 

Mr. Bucnanan. Yes, sir. 

The third phase of our research program is carried out under spon- 
sorship, you might say. We make grants to universities, who in the 
first instance are interested in certain things in which we are inter- 
ested and have the know-how to go ahead and.do it. We make 
grants to them to proceed in the usual university fashion of getting 
fellows and doing research work and publishing theses. 

I couldn’t give you a dollar value because I have no way of esti- 
mating the work done in our member companies. 

Mr. Rivers. I wanted the record to be replete on this part of it. 
The impression should not be gained that the Asphalt Institute ex- 
pects the Government, that is, the Army engineers or the Air Force 
or any other subordinate branch of the Government, to carry on the 
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research and development of something which you say would be in 
its end product made available. 

Mr. Bucuanan. By no means. We carry our burden just to the 
extent of our facilities. 

Moreover—if I might divert to the highway field right at the 
moment? The oil industry, of which we are a part, I believe is 
contributing some $800,000 to the heavy-duty road test over in Tlli- 
nois, for example. But our own program on asphalt mixture designs 
is carried out at College Park. 

Mr. Rivers. Do you contribute anything to the Army engineers? 

My. Bucuanan. No, sir, we do not. 

Mr. Rivers. Do you offer them any specialized technical know-how ? 

Mr. Bucuanan. We have made available our people to confer with 
them. We have not made any money contribution. 

Mr. Rivers. Yes. But you do carry on, in response to my inquiry, 
extensive research in the field of asphalt and asphalt paving, in all 
of its uses? 

Mr. Bucuanan. Yes, sir. 

Mr. Rivers. Now I want to ask Mr. Courtney, Mr. Chairman. I 
wish Mr. Courtney would look into the posibility of our affixing— 
Mr. Hess, I wish you would listen to this, too—some sort of an amend- 
ment to our public works bill that would protect us against the 
changing of a line item. And that is what happens. That is in any 
construction project. When they come to us and justify the line 
items for a base and go out and change the qualifications and the end 
cost, I think the committee should know about it before it is done. 
Now I don’t know how the committee can set themselves up as con- 
tractors, but I think some knowledge should be brought to the atten- 
tion of the chairman, Mr. Vinson. 

Mr. Hess. That the Department notify 

Mr. Héserr. No; Mr. Rivers suggests the construction bill be so 
amended 

Mr. Rivers. The bill that is coming up, our public works bill. 

M. Heésert. That carries with it the amendment also reemphasizing 
the desire of the committee for bidding as opposite to negotiation. 
That amendment was put in by Mr. Kilday. 

Mr. Hess. Mr. Kilday’s amendment. 

Mr. Hézerr. Yes. 

Mr. Courtney. See if I understand you correctly. Your point is 
that in the justification for the authorization a criterion is established, 
a base of a certain characteristic. 

Mr. Rivers. And so much 

Mr. Courtney. Is authorized at a price. 

Mr. Rivers. All right. And so much for runway paving. 

Mr. Courtney. Correct. 

Mr. Rivers. Runway, estimated so much. It happens every day. 

Mr. Courtney. That is right. 

Mr. Héserr. That is in the bill in line items. 

Mr. Rivers. Line items. But whenever that thing is renegotiated 
and goes up as in the case of this one, 2 or 3 million dollars, there has 
been 

Mr. Courtney. The committee is not informed of that change, is 
your point, isn’t it? 
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Mr. Rivers. Certainly. And under this dispersal project, which we 
have been thoroughly indoctrinated on, on the B-52’s and the B-47’s, if 
carried to logical conclusions in all the bases, why the authorizations 
which we are going to defend on the floor in 2 weeks might be com- 
pletely abrogated or circumvented. Do you get the point? 

Mr. Courtney. Yes. 

Mr. Rivers. If carried to its logical conclusion. Because under this 
dispersal program, all bases may be made usable to these strategic 
aircraft, in case of emergency. 

Mr. Hess. If the gentleman will yield? 

That is probably one of the reasons of the Air Force coming back 
to the committee, during the consideration of the construction bill, 
and asking for increased amounts from previous years’ authorizations, 
because they had changed the criteria. 

Mr. Rivers. They didn’t do it in this case. 

Mr. Hess. They did it in this case. 

Mr, Rivers. They didn’t come back to the committee. 

Mr. Hess. They came back to the committee in a number of 
instances, 

Mr. Rivers. They did not on this one. 

Mr. Hess. I don’t know whether they did that in this case or not. 
I don’t recall. 

Mr. Héserr. In the consideration by the full committee of the con- 
struction bill, emphasis was made by the witnesses on an all-rigid 
paving program. You recall it was discussed at length before the full 
committee. 

Mr. Rivers. For dispersal purposes. 

Mr. Hérerr. And indicated—not only indicated but testified to, 
because I asked certain questions along that line when I was present. 

Mr. Rivers. Yes. 

Mr. Hésertr. The expression was used and gave an indication that 
there were certain areas 

Mr. Rivers. Critical areas. 

Mr. Héserr. No; they didn’t use the word “critical.” They used 
the term “all-paving program.” But under the questioning or break- 
down, it was admitted by the witness at that time that in effect there 
was nothing left for asphalt at all. It was all concrete, except the 
roadway approach. 

Mr. Rivers. I didn’t know that, because at that time I didn’t know 
about all of this. Because I wasn’t familiar with all of this as much 
as the chairman. But I think we should have more knowledge than 
we have had in the past on these things. 

Mr. Hésertr. We will explore that, Mr. Rivers. I think it is very 
pertinent here. 

Mr. Courtney. On the construction bill. 

Mr. Hésert. Mr. Gavin, do you have something ? 

Mr. Rtvers. On the construction bill. 

Mr. Gavin. On page 2, you state: 

Exhibit 3 contains a statement attributed to Gen. Curtis LeMay to the effect 


that only two United States airfields, at Merced, Calif., and Limestone, Maine, are 
properly equipped to handle huge intercontinental bombers. 
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Now, in checking back the reference to exhibit C, that is exactly 
what General LeMay said. 

Then you go on: 

This exhibit includes pictures of these two airfields. Please note that they 
are largely constructed of asphalt. 

Now, that to me implies an inference that General LeMay may be 
in favor of the flexible rather than the rigid, from what you say. 
The inference is there. He made the statement I think we ought to 
have General LeMay up here. I think his great experience on the 
B47 and the B-52 and the B-86 would qualify us to give some 
opinions on the types of pavement we are considering here. 

Mr. Rivers. Isn’t he in the city now? 

Mr. Gavin. Yes; he is in the city now. In view of the fact that 
his name was mentioned—and one could conclude from your statement 
that possibly General LeMay favors, because he made the statement 
that these two fields—and you say they are properly equipped to 


handle huge intercontinental bombers. He ended there. But you 
add : 


This exhibit includes pictures of these two airfields. Please note that they 
are largely constructed with asphalt. 

So that would, from my reading of it—my conclusions would be 
that possibly General LeMay is inclined to be friendly or favorable 
toward the flexible pavement. 

Mr. Weuizorn. Mr. Gavin, that was not my intention, to infer in 
any manner that Gen. Curtis LeMay is favoring flexible pavement. I 
brought this point out simply to show that these two intercontinental 
bomber bases, which as I understand are the two primary B-52 bases 
in this country, are largely surfaced with asphalt and are adequately 
serving the missions. 

Mr. Gavin. But you did know it would be impressive if you used 
General LeMay’s name there, in connection with calling this to the 
attention of the committee, that he said that they were the only two 
bases ¢ 

Mr. Weuinorn. Naturally, he is the authority in SAC. 

Mr. Gavin. That is why 1 think we ought to have him. 

Mr. Rivers. I thought—if the gentleman would yield. I didn’t 
hear his testimony in 1954. But I thought in 1954 General LeMay 
said all he wanted was conerete; it was ridiculous to have anything 
else. 

Mr. Hésert. He didn’t testify in 1954. 

Mr. Rivers. Or whenever he testified. 

Mr. Gavin. Well, here are two bases—— 

Mr. Rivers. Didn’t he testify on this at some time ? 

Mr. Gavin. No. 

Mr. Courtney. Not before the subeommittee. I am not aware of 
that testimony. 

Mr. Rivers. Because I heard Mr. Cunningham—he is my source for 
that, that he understood him to say that. I would like to get him up 
here myself. 

Mr. Héserr. Of course, any individual in the Air Force—If Gen- 
eral LeMay is one of those individuals, I think he should be in the 
rebuttal or the explanation to these allegations made today. Because 
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at this particular time I think the hearing has taken a very definite 
turn, in which certain allegations and very serious allegations have 
been made. I think it is very important for the committee’s benefit 
and for the American public’s benefit to have all of this thrashed out 
and put right on top of the table, That was the reason the Chair 
instructed Mr. Courtney to notify the Air Force that the committee 
expects them to come in here with competent witnesses to answer each 
and every one of these allegations specifically. 

And I agree with the gentleman from Pennsylvania, that General 
LeMay has been injected here, certainly in a persuasive attitude, by 
Mr. Wellborn. But I think as the commander of SAC he should be 
one.of our witnesses. 

Mr. Bucuanan. Mr. Chairman, I believe the record for June 24 
contains some speculation as to General LeMay’s attitude favorable to 
concrete. 

Mr. Werieorn. I think this was one of the reasons we included this. 

Mr. Rivers. Yes. 

Mr. Bucwanan. This exhibit, to show. A check of the record would 
verify that. 

Mr. Héuerr. There is no better way to find out than the source 
itself. 

Mr. Wetiporn. That is right. 

Mr. Gavin. You are going to ask that General LeMay appear ? 

Mr. Hérerr. We shall ask General LeMay. 

Mr. Rivers. I feel more and more now that we should have started 
off with the asphalt people to start with, and then put the military on. 
It is like going to the courtroom and putting the defendant on first 
instead of the prosecution. 

Mr. Courtney. I didn’t consider it an adversary proceeding, Mr. 
Rivers. ; 

Mr. Hénerr. Mr. Rivers, you know, as you said, this is not conducted 
according to the rules of the court. 

Mr. Gavin. You say here, with reference to this Kelly test, 

The exhibit is self-explanatory, but I would like to go one step further and 
point out that if one were deliberately setting out to discredit asphalt pavement, 
he could set up no better situation than the Kelly test. There are conditions im- 
posed in this unrealistic test. 

As an assoication or an institute, did you suggest to the Department 
of the Army that in your opinion the Kelly test was not a fair test 
and that you would suggest the type of test that in your estimation was 
the kind of a test that should be conducted to reach some conclusions 
relative to rigid and flexible pavements? 

Mr. Wexieorn. Since the Kelly test has been concluded, our or- 
ganization has been invited in by the Corps of Engineers for coopera- 
tive work. Previous to the Kelly test, we were not. 

Mr. Gavin. Well, you did know that the Kelly test was going to be 
undertaken, didn’t you ? 

Mr. Wetiporn. Yes, indeed. 

Mr. Gavin. You had some idea of what it was all about and what 
the tests were going to be. I imagine any institute such as yours 
would be informed on what is going on in the industry. 

T am asking you the question: Did you go to them before they pro- 
ceeded with the Kelly test and protest that you thought it was an 
unfair test ? 








2132 AIRSTRIP PAVING MATERIALS 


Mr. Wettporn. Mr. Gavin, at the time we weren’t familiar with the 
design of the test, and we had no way. We have no way to get to 
restricted matters. 

Mr. Gavin. Well, the Department of Engineers have indicated that 
they wanted to cooperate with all elements in this particular field, to 
secure information to arrive at a conclusion. Why wouldn’t you have 
injected yourself into the picture as an institute? 

Mr. Rivers. Mr. Gavin, will you yield there ? 

Mr. Gavin. Yes. 

Mr. Rivers. The Department of the Army didn’t conduct the Kelly 
test. It was the Air Force. The engineers didn’t conduct that. 

Mr. Gavin. Well, regardless of the Army or the Air Force, why 
didn’t you move in and say: 

We don’t think we are going to be given the kind of consideration that this. 
important matter is entitled to by these tests and we would like to discuss it 
further with you before you proceed. 

Mr. Wetigporn. Mr. Gavin, numerous times engineers from our or- 
ganizations have called on the Corps of Engineers and the Air Force 
offering the assistance of our technical people in any problems that 
might arise on flexible pavements. 

Our offers were not accepted until after the Kelly test was concluded. 

Mr. Gavin. Who did you make the offers to? Can you name the 
individual in the Department that you submitted your request to to 
give consideration ? 

Mr. Weiiporn. At the time we offered our assistance to the Corps 
of Engineers previous to the Kelly test, it was made to Colonel Troxler, 
and previous to that 

Mr. Gavin. What did he have to say ? 

Mr. Rivers. Where he is located and everything ? 

Mr. Bucuanan. At that time, sir, if I may answer, he was Assistant 
for Engineering and Contracts, Military Construction, Office, Chief 
of Engineers. I believe he is now on a different assignment. 

Mr. Gavin. What did he say ? 

Mr. Wetiporn. He thanked us and said if he needed our assistance 
he would call on us. 

Mr. Gavin. We ought to have him, too. 

Mr. Héserr. Yes. 

Mr. Bucwanan. Mr. Chairman, may I add a statement with respect 
to Kelly? I think one of the things that bothers us the most about 
Kelly is that the test was closed out when this distortion showed up. 
[Exhibiting piece of stone.] As you can see, again I say it was not 
a complete failure. It was a distortion undoubtedly related to the 
failure of the test. We have no doubt that distortion was made and the 
test continued. That is what any paying technologist would do. 
That is what any engineer would normally do. Our impression is that 
the Air Force closed out the test, whereas the Corps of Engineers would 
be happy to try again. 

Mr. See Now the Corps of Engineers—Mr. Chairman, I want to 
get it—was not in on the Kelly test? 

Mr. Bucuanan. I believe the Corps of Engineers was. I believe 
they conducted the test for the Air Force. That is my impression. 
They are here to testify. 

Mr. Rivers. Let’s get that straight. 
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Mr. Hess. Mr. Foster is here, and he can get that straight. 

Mr. Bucuanan. My impression is the Corps of Engineers did it 
for the Air Force, but the Air Force was supplying the money and 
refused to continue the money for the necessary additional testing 
when this distress became manrfest. 

Mr. Hésert. Wecan clear that up wtih Mr. Foster. 

Mr. Courtney. Mr. Chairman, Mr. Foster is right here. 

Mr. Gavin. In the original pouring, wouldn’t you have been suffi- 
ciently interested, your institute, to see the formula was proper before 
the cement was laid ? 

Mr. Bucuanan. Indeed we were. 

Mr. Gavin. You come up now and say it was an improper formula. 
At the time wouldn’t you, in view of the fact that it meant so much 
to your industry, be right in attendance when this mix was being made 
and the formula was prepared, to see that it was properly prepared to 
get you the desired results that would mean so much to your industry ? 

Mr. Bucuanan. Mr. Chairman, may I reply tothat? 

Mr. Hésert. Yes. 

Mr. Bucuanan. Indeed we were interested. As a matter of fact, 
we arranged for some of our people to be observers. We obtained 
samples of the materials. In our laboratory at College Park we ran 
some, what we call in asphalt technology, stability tests. We were 
alarmed that the stability tests we found in our laboratory were rather 
low, knowing this was going to be simulated B-47 traffic. 

If my memory is correct, I believe we telephoned that information 
to Vicksburg. I am relying on my memory, but I believe that is 
correct. 

Mr. Wetxporn. I recall that. 

Mr. Gavin. I wouldn’t rely on your memory. 

Mr. BucHanan. I believe it was telephoned, rather than put in 
writing. That is my point, That is evidence of our interest in this 
thing. 

Of course, we were not running the test. We gave them our ad- 
vice. We gave them the warning that our tests indicated low stability, 
which would be an advance warning that distortion might be expected 
under heavy loads. 

Mr. Gavin. That is what I would have done. I would have wired 
them right then and there, that in your information the formula now 
being prepared for this strip vend not get the desired results accord- 
ing to our way of thinking and we merely want to protest. 

Mr. BucHanan. We thought telephone was faster than wire. 

Mr. Gavin. That is all right. It isn’t faster than wire when you 
come back here sometime later and you want to know specifically what 
you did or you did not do. 

What I am concerned about: Why you didn’t move at that particu- 
lar time and say, “We don’t think you are going to get the results 
desired. You are not following the formula. We just merely want 
to be recorded as protesting.” 

Mr. Rivers. That is what he will do next time. 

Mr. Hésert. Mr. Hess. 

Mr. Hess. Let me attempt to clear this up. Did you know exactly 
what the Air Force was going to do when they laid this strip? Did 
you know the type of equipment they were going to use to test? 
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Mr. Bucuanan. We didn’t know all the technical details. We 
knew in general the nature of the test, there were going to be two 
sections in this taxiway, and it was going to be subjected to B-47 traffic. 
I think we were not aware of the fact that it was going to be subjected 
to continuous traffic at high temperature. 

Mr. Hess. I think Mr. Wellborn stated that here. 

Mr. BucHanan. Yes. 

Mr. Hess. On page 3 of his statement he said : 

The Air Force required the asphalt pavement to be designed on the basis of 
criteria established with 1,500 coverages of aecelerated test traffic.” 

And then on the following page he says: “The test traffic required at 
Kelly, however, was 30,000,” so you didn’t have all the facts. 

Mr. Gavin. You did say you had observers there and you did take 
some of the material and test it in your laboratories and you found 
and you felt it was not going to give the desired results. 

Mr. Bucuanan. An observer can’t know all the details in the files 
and records on the materials tested. 

The thing about Kelly is that in making all the tests in rapid order, 
all at high temperature—I believe it calculates out to something like 
the equivalent of one day of testing it, on this section at Kelly of 
prototype traffic, that would occur in intense operation over the period 
of a month, all at high temperature. But I would point out that on 
a regular airfield, all the operations of planes wouldn’t be at high tem- 
perature and, therefore, the worst condition for asphalt pavement. 

Neither, to take the opposite case, would all the operations at a 
regular airfield be at cold temperature or at conditions which might 
be most severe or adverse for rigid type. 

In that respect, then, the test was not a direct comparison, despite 
the fact that two materials were placed in the same taxiway and 
ere to the same load. They were subjected to different con- 

itions. 

Mr. Gavty. I think that is a good observation. Now did you make 
that suggestion to the Department of the Air Force at that time? 

Mr. Bucuanan. I didn’t personally make it, Mr. Gavin. I can’t 
say whether or not our observer did, 

But, again, IT come to the point that we were dismayed that the 
test was curtailed or shut off when the distress showed, because by 
that way we were aware of these conditions and an adjustment of the 
mix and a continuation of the test would have resolved all the 
problems. 

At that stage of the game we concentrated our interests in having 
the tests continued with correction in the mixture. 

Mr. Rivers. You knew what the mixture had before you went 
there, or was it not until you went to College Park you found out? 

Mr. Bucnanan. Say that again, sir. 

Mr. Rivers. I say were you aware of what that mixture was before 
the tests were concluded, before your laboratory 

Mr. Wetieorn. We were aware of what the mixture would be before 
the test was concluded. 

Mr. Buenanan. I think so. 

Mr. Héserr. So far as the telephone call was concerned. 

Mr. Rrvers. After they got to College Park they made a telephone 
call. 
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Mr. Bucuanan. Well, we had samples sent to us from Kelly to 
College Park. We made up mixtures in accordance with what we 
understood they were making at Kelly. We made our stability tests. 
We found them low. We became concerned. We telephoned the 
warning that we had observed these low stabilities. 

Mr. Rivers. That is my understanding. But you didn’t know 
that until your College Park laboratory told you that? 

Mr. BucHanan. That is right. 

Mr. Rivers. Is your testimony to the effect that you did not know 
what caused that running, until you took it to your laboratories, or 
knew of the component parts of that mixture? 

Mr. Bucuanan. We did not think the stabilities were low until we 
made the tests at College Park. 

Mr. Hénert. I think in the interest of clarification—Mr. Foster is 
here and he could perhaps clear up some of the situation. 

Mr. Gavin. May I ask a question before Mr. Foster comes up? 

Mr. Heéserr. Yes. 

Mr. Gavin. Do you have, does your institute have, any tests that 
you could suggest could be made, what you consider a proper test? 

Mr. WeEtiLBorn. We follow the same test procedures 

Mr. Gavin. Any program or plan? 

Mr. Wetuporn. We follow the same test procedures as the Corps 
of Engineers. However, we have other testing techniques that we 
use, as well as highway departments. Many highway departments—— 

Mr. Gavry. From your statement you don’t seem to think much of 
the Kelly test at all? 

Mr. Bucuanan. Because it was a cycle test and when an error in the 
mixture was discovered it was not corrected and retested. This would 
be done on any paving project in the country. Any asphalt tech- 
nologist knows that. But it was not done at Kelly. 

Mr. Wetieorn. Mr. Gavin, a test usually is run by a technician to 
learn something, that is how to make something better. Destructive 
testing of a beam or anything else is not simply to destroy the beam, 
but it is to gain engineering knowledge. If the test at Kelly had been 
run to gain engineering knowledge, then surely the idea should have 
been to determine the proper asphalt content to withstand this chan- 
nelized traffic under high pavement temperatures. 

Mr. Gavin. That is why I asked you why you didn’t go to the De- 
partment of the Air Force and see that your recommendations were 
incorporated in their program. 

Mr. Wetieorn. Mr. Gavin, that is much easier said than done, par- 
ticularly when you 

Mr. Gavin. You could have at least made them. If they didn’t 
accept them, that would be a matter of record. 

Mr. WetiLBorN. We made recommendations. 

Mr. Gavin. When they are all trying to cooperate to find the an- 
swer to the problem. You say in your statement in effect the Kelly 
test was no test at all? 

Mr. Wetuizorn. That is still my opinion. 

Mr. Hess. When was the Kelly test performed? 

Mr. Wetiporn. It was performed in 1956. 

Mr. Hess. When in 1956? Prior to May? 

Mr. We.iLBorN. May and June, as far as the flexible pavement was 
concerned. 
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Mr. Hess. Before or after the new criteria had been laid down? 

Mr. Wetizorn. That was after the new criteria. 

Mr. Hess. After the new criteria had been laid down? 

Mr. Wetiporn. Yes, sir. 

Mr. Hess. The Kelly test was performed? 

Mr. WELLBoRN. Yes, sir. 

Mr. Hess. It would appear that the reason the Air Force did it was 
in order to back up the criteria that they laid down. Doesn’t it seem 
that way? 

Mr. Wetiporn. I would assume so. 

Mr. Hess. Because all they did was perform this test. They made 
no effort whatsoever to correct the type of material that they were 
using at the time, in the test. They just let it go at that, and that was 
the end of it. I understand from the Corps of Engineers here, from 
Mr. Foster, that subsequent tests have been made by his outfit down 
there. 

Mr, Bucuanan. At Vicksburg. 

Mr. Hess. At Vicksburg, yes. 

Mr. Bucuanan. But there was no attempt to correct the propor- 
tions. 

Mr. Hess. Not by the Air Force? 

Mr. Bucuanan. No. 

Mr. Hésert. Now, Mr. Buchanan, I understood you to say the basis 
of the Kelly test was 15,000 coverage. 

Mr. WEiiLBorN. 1,500. 

Mr. Bucuanan. I believe Mr. Wellborn testified 

Mr. Waiieorn. 1,500 coverages. 

Mr. Héperr. 1,500 coverages? 

Mr. WetiBorn. Yes, sir. 

Mr. Hésrrr. And actually it was 30,000? 

Mr. Wexteorn. The criteria as I understand it from the Corps of 
Engineers, at the time of the design of the pavement at Kelly, was 
based on 1,500 accelerated coverages of the 100,000-pound load, at 
pavement temperatures above 90° F. 

Mr. Rivers. That is 1,500 landings? 

Mr. Courtney. 1,500 crossings. 

Mr. Wetiporn. This is coverages. This would be landing and take- 
off—I mean landing. 

Mr. Courtney. Over what period of time? 

Mr. Bucuanan. Concentrated. 

Mr. Courtney. What does that mean? 

Mr. Wetieorn. Back and forth. 

Mr. Courtney. As far as you can do it? 

Mr. Wetiporn. Yes. 

Mr. Rivers. You were covering 1,500? 

Mr. Weiiporn. Yes. 

Mr. Hénerr. Actually, how many coverages were made when the 
failure was discovered ? 

Mr. Werxzorn. 9,000, I believe. 

Mr. Heéeerr. 9,000, sir; is that right? 

Mr. Bucwanan. In that order of magnitude. 

Mr. Héserr. Well, I mean, give or take a couple. 

Mr. Bucuanan. Yes. 
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Mr. Héserr. Do you have any information—perhaps Mr. Foster 
should be the one to testify—as to the condition of the paving at 1,500? 

Mr. Wextzorn. To my knowledge, no, sir. 

Mr. Héperr. And it only broke down after 9,000? 

Mr. Wetiporn. That is our ee 

Mr. Hésert. So in other words, the Air Force kept experimenting 
until they broke it down, and said, “That is it.” 

Mr. Héperr. Mr. Foster, would you step up, please, sir, and clarify 

this a bit? 

Mr. Gavin. The chairman is the judge and the jury. 

Mr. Héserr. Now, Mr. Foster, you heard the discussion. Can you 
help us? 

Mr. Foster. I can 

Mr. Hésert. And tell us exactly what happened at Kelly? 

Mr. Foster. There is one item—I am sure the Corps of Engineers 





conducted the Kelly test and not the Air Force. The Air Force asked 


for the test be conducted as a demonstration test to see if the then 
existing design for rigid and flexible was satisfactory, as a comparison 
between one and the other. 

The Air Force specified nothing further than that it be the then 
existing criteria. 

Our previous designs had been based on 1,500 coverages, that is of 
the asphalt-paving mixtures, that is 1,500 coverages of hot-weather 
traffic, because we felt that gives us a mix which was satisfactory for 
5,000 coverages. In fact, we thought it was safer than necessary for 
5,000 coverages, because under prototype traffic, that is under actual 
aircraft, we had not experienced any distress with the pavements 
which had been designed on that basis. 

Mr. Hésert. Well, when you arrived at the 1,500 coverages, was it 
holding up according to your design ? 

Mr. Foster. When we reached a level of 1,500 coverages in the test 
at Kelly, the pavement was entirely satisfactory. 

Mr. Hess. What about 5,000? 

Mr. Hépert. When you reached 5,000, which was your maximum? 

Mr. Foster. The distress was known to us by about 2,000 coverages. 
We knew it was coming. It started somewhere at around 4,000 and 
by 9,000 it had reached a significant figure, and we cut it off. 

Mr. Hépert. So it did perform according to your design at 1,500? 

Mr. Fosrer. It performed in accordance with the design at 1,500, 
but we Liatmatel it would do a lot better. 

Mr. Héserr. But the point I am trying to make is that it did per- 
form at your design ? 

Mr. Foster. Yes; that is right. 

Mr. Héserr. According to what it was designed to test. 

Mr. Foster. That is right. 

Mr. Héserr. And anything in excess of that was giving an added 
burden to the design. 

Mr. Foster. That is right. But, then, it was our responsibility to 
produce a pavement which would stand prototype traffic, which at 
that time we had agreed was something in the order of 30,000 cov- 
erages. 

Subsequent to the Kelly test, that. about 10,000 coverages of hot- 
weather traffic is satisfactory to develop designs which will stand 
30,000 coverages of traffic all around the year. 
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Mr, Hépert. Do you know why the tests were not continued or why 
they were discontinued so abruptly after the distress in the flexible 
paving ? 

Mr. Foster. As soon as we knew we had the distress coming we con- 
tacted the engineers, the Office of Chief of Engineers, who we deal with, 
who we work for, and suggested it be replaced. They contacted the 
Air Force and reported back to us that the occupancy date of the air- 
base was approaching, and that the test could not be continued because 
the taxiway was needed for operations before we could complete the 
replacement and testing. 

Mr. Héeerr. So it was an arbitrary cutoff by the Air Force? 

Mr. Foster. Well, the cutoff, as far as I know, was dictated by the 
Air Force, but I don’t say it was arbitrary or not arbitrary. 

Mr. Hépert. Well, as far as you were concerned, the Air Force called 
the tests off. 

Mr. Foster. That is right. 

Mr. Héserr. And were not interested in further getting the facts. 

Mr. Foster. They 

Mr. Hepert. They had gotten what they wanted and they were not 
interested in going any further than that. I am not saying you are 
saying that. I am saying that. 

Mr. Foster. May I just sit silently ? 

Mr. Héserr. You can stand mute on that observation. 

Mr. Rivers. Could I ask Mr. Foster a question? I mean if it em- 
barrasses you, don’t answer it, Mr. Foster. Did it occur to you that 
the test at Kelly was being conducted under unusual heat conditions? 

Mr. Foster. Sir, I presume that between myself and Mr. Turnbull 
we set up the tests at Kelly. At the time we set them up, it did not 
occur tous. Since then we have concluded that it was unusual. 

Mr. Rivers. Unusual. 

Mr. Foster. That is backsight. 

Mr. Rivers. That is backsight. 

So if you were to conduct a test to simulate a test similar to that of 
Kelly, you wouldn’t have it under those unusual heat conditions ? 

Mr. Foster. The consideration of a repeat on a demonstration test 
has come up several times in our thinking, and we have concluded that 
we would not undertake such a test unless the traffic were distributed 
around the clock and around the year. 

Mr. Rivers. Around the clock. 

Mr. Foster. In that case we would go to 30,000 coverages, which is 
the indicated amount of traffic that is needed. 

Mr. Rivers. You would take all degrees of temperature that you 
could expect during the calendar period ? 

Mr. Foster. That is right. 

Mr. Hésert. I am going to ask you a question now, Mr. Foster, and 
you do not have to answer it. 

I realize why you refused, or rather declined to answer it. I am 
not.asking you to take the fifth amendment. 

I am giving you all the amendments. 

Would you be willing to say—and, mind you, I am not going to 
press you because I do realize the position you are in, but I do want 
to get the question in the record. 

Do you think it was a fair test at Kelly ? 
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Mr. Foster. I think that the application of the traffic all in hot 
weather would give a condition which would not simulate the proto- 
type conditions, and on that basis—— 

Mr. Héserr. Say it in language I can understand. 

Mr. Foster. On that basis, it would be unfair. 

Mr. Hésert. On that basis it was unfair. 

Mr. Foster. It was unfair. 

But at the time I set up the Kelly test, I did not realize that. This 
statement is behind—— 

Mr. Gavin. You had set it up with the best knowledge you had 
available ? 

Mr. Foster. The best knowledge. 

Mr. Gavin. With the facts and information at your disposal at the 
time. 

Since then, you too, have learned something about it. 

Mr. Foster. I have learned a lot. 

Mr. Rivers. It would be similar to taking a slab of concrete and 
testing it up at Thule, Greenland, or whever Thule is located. 

Wouldn’t that be about the same kind of 4 test? 

Mr. Foster. Mr. Rivers, I don’t know much about portland cement 
concrete. I would have to refer to Mr. Hutchison. 

Mr. Rivers. Well, that is all right. 

You do know, though, that concrete reacts differently in very frigid 
temperature, with certain types of subsoil. 

Mr. Foster. It is affected by temperature, but not to the extent 
that flexible pavement is. 

Mr. Gavin. What did you say? 

Mr. Fosrrer. I say, portland cement concrete is affected by tempera- 
ture, but not to the same extent that flexible pavement is. 

Mr. Cunntncuam. I am a little confused over this mixing dem- 
onstration and I wonder if we are getting to the real point of the 
issue. 

As I understand it, it is necessary to have the proper mix to get the 
best bituminous or asphalt pavement; is that correct ? 

Mr. Foster. That is correct. 

Mr. CunnineHam. Well, isn’t it also true it is necessary to have 
the proper mix to get the best concrete or cement pavement, and if 
that is not done, we are going to have defects in either one; wouldn’t 
that be true? 

Mr. Foster. Yes, sir; that is right. 

Mr. Cunntxcuam. You know enough about cement to know that 
you can mix it improperly and it will go into chuck holes and be 
defective, and everything else. 

Mr. Fosrrr. Yes, sir; I know that. 

Mr. Cunnrnenam. Now, at this particular time, at Kelly Field, 
there was information available as to the proper mix to use, but it was 
not—that information was not used; is that correct / 

Mr. Fosvzr. You mean on asphalt paving / 

Mr. Cunnrnenam. Yes. 

Mr. Foster. No, sir; we did not have the information we have to- 
day. Had we had it, Kelly, I can assure you, would have been done 
better. 

Mr. Cunnincuam. Well, the information that you did have—did 
you provide it at that time? 

94407—57——18 
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Mr. Fosrer. I used every bit of information that I had at the time 
Kelly was designed. I designed the best possible mix that was pos- 
sible at that time. Today I can do a lot better. 

I actually thought that the mix designs which were producing at 
that time would take this 30,000 coverages. It was based on the per- 
formance we had obtained under prototype traffic of airfields which 
were as old as 4 years. 

Mr. Cunnincuam. Now, isn’t it true that in times past they have 
had formulas for mixes of other kinds of pavement, like concrete, that 
were defective also and did not produce a good result ? 

The whole thing in both categories is subject to exploration and 
development. Would you say that is correct ? 

Mr. Foster. Yes; that is correct. 

Mr. Héserr. The Air Force refused to explore further. 

Mr. Cunnrnauam. We have to get the Air Force to do its duty. 
Isn’t that a part of the function of this committee ? 

I would like to ask Mr. Buchanan a question. You state here that 
7 of the 10 most heavily traveled civilian airfields in the United States 
are largely paved with asphalt. 

Would you name a few of those, sir? One or two of them. 

Mr. Bucuanan. The Civil Aeronautics Administration publishes 
a list each year. There have been some changes from year to year. 
But among those that I can recall are Midway in Chicago, LaGuardia 
in New York, Washington National here-——— 

Mr. Cunnincuam. That is enough. 

Now, I have another question : 

Mr. Rivers. Go down to No. 7 and I will tell you how right you are. 

Mr. Bucuanan. Charleston has been in and out from year to year. 

Mr. CunnINGHAM. It is out now, is that right ? 

Mr. Bucuanan. I believe the last listing did not include Charleston, 
whereas a year ago it was in the list. 

Also, for the record, may I say, that CAA lists two categories. 
They have 1 group of seuthention by 1 listing of traffic, and 1 classi- 
fication by another list. 

Mr. Gavin. You are getting back to your monopoly. Then I would 
say that the commercial lines certainly don’t indicate that there is any 
monopoly on cement, do they ? 

Mr. Rivers. I might say Charleston is asphalt. 

Mr. Gavin. Wouldn’t you say that? 

Mr. Bucuanan. Yes, it is. 

No, sir, not for commercial airfields. There is no monopoly one way 
or the other. 

Mr. Heéperr. Because they are in business to make money. 

Mr. BucHanan. These pavements have been decided in competition. 


Mr. Cunnincuam. Mr. Buchanan, at the top of page 7 you have 
this sentence. 


And economy was never more important than it is right now to us in the 
United States. 

Why did you put that in there ? 

Mr. Bucwanan. I read the newspapers. 

Mr. Héverr. You want to persist in that question ? 

Mr. CunninoHam. I have a good question back of it. 

Mr. Bucwanan. I read the newspapers 
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Mr. Cunnineuam. Do you believe that, did you put that in your 
statement simply because you have been reading the newspapers and 
you thought it would have some effect on this commmittee? 

Mr. BucuanaNn. No, sir; we believe that. 

Mr. Cunnineuam. Did you believe that last year and the year 
before ¢ 

Mr. Bucuanan. Yes, sir. 

Mr. CunnincHAM. Why is it more important today than any other 

fear ¢ 

. Mr. BucHanan. Because we are apparently in a tighter financial 
situation than we have been for some time in the past. The cost-price 
squeeze is tighter right now than it has been in some time. 

Mr. CunntneHam. Do you believe that or did the chamber of com- 
merce convince you of that ? 

Mr. Bucuanan. I don’t read the chamber of commerce publications 
very much. 

Mr. Gavin. May I ask you a question ? 

Mr. Bucwanan. Yes, sir. 

Mr. Gavin. Has your volume of business increased last year ? 

Let me ask you this. Say, the last 4 years. 

How much has your volume of business increased and what profits 
have you made in the last 3 or 4 years? 

Mr. Bucuanan. Mr. Gavin, our institute has—as I indicated in my 
statement we have nothing to do with the commercial aspects of our 
business. We are strictly engineering, and research. So I can’t 
answer—— 

Mr. Gavin. We will take it industrywide. 

Mr. Bucuanan. I can’t answer as to profits; with respect to vol- 
ume, tonnage—— 

Mr. Gavin. Yes. 


Mr. Bucuanan. The tonnage last year—I believe the figures are 
just out. It is about 18 million tons of asphaltic materials of all kinds 
were sold in the United States. The year previously, I believe the 
figure was right at 17 million. 

Over a long period of time, the rate of increase has been, oh, 6 per- 
cent increase per year. 

Reports so far this year, however, do not show a corresponding in- 
crease. This could be a reflection of the weather that has vitally af- 
fected large parts of the United States. 

Mr. Gavin. That enters into it, too. 

Mr. Bucuanan. Yes, sir. 

Mr. Gavin. But don’t you think the volume will pick up the latter 
part of the year? 

Mr. Bucuanan. Another thing, Mr. Gavin 

Mr. Gavin. Don’t you think the volume will pick up from now on, 
to the end of the year? 

Mr. Bucuanan. In answer to that question, I should like to observe 
that housing is down somewhat at the present time, and therefore, 
use of asphalt in roofing and other house uses is off. I think it will 
pick up, to answer your question. Whether or not the increase this 


year or the improvement will correspond to previous years remains 
to be seen. 
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With the new highway program gradually picking up speed in the 
long run, it will ace up. It has to. 

Mr. Gavin. Well, there isn’t any particular monopoly, though, in 
asphalt or concrete; you are both highly competitive. 

Mr. Bucuanan. Yes. 

Mr. Gavin. And naturally, you are trying to get the greatest. vol- 
ume you can. 

Mr. Rivers, I think both industries are solvent. 

Mr. Bucuanan. That is my understanding. 

Mr. Héserr. Unless there are further questions 

Mr. Mur. I shed bitter tears for them. 

Mr. Hézertr, Any questions, Mr. Courtney ? 

Mr. Courtney. Mr. Chairman, I have one question of Mr. Foster, 
so we will have it at one place in the record. 

Mr. Foster, could you state for the record—you have already de- 
scribed the source of the criteria which is specified for the Kelly test 
being a prevailing criteria of the Corps of Engineers for use under 
certain conditions, of 1,500 loadings and the like. 

Mr. Foster. Yes. 

Mr. Courtney. Could you state for the record so we may have it 
directly before us, so far as its contribution to the state of the art and 
to an understanding of the technological requirements, what did the 
Kelly test prove and what did it not prove? 

Mr. Foster. The Kelly tests proved to us that we had to change 
our then existing criteria, on asphalt paving mixes. 

Mr. Courtney. And for what reason ? 

Mr. Foster. Because the then existing criteria gave us too much 
bitumen in the mix for channelized traffic of B-47 loading. 

Mr. Courtney. And for what traffic, what volume OF traffic ? 

Mr. Foster. Channelized traffic. 

Mr. Courtney. Well, in what volume? 

Mr. Foster. The word “channelized traffic” to me means 30,000 
coverages. 

Mr. Courtney. 30,000 coverages. Is that all it proved? 

Mr. Foster. Well, it proved also that we had a subgrade, subbase, 
and base which met our concepts of being satisfactory. It is true 
that it only carried 9,000 coverages, but there was so little distress, 
we were confident that it would have carried the traffic had the sur- 
face stayed intact. 

Mr. Courtney. Maybe this is an unfair question, but what did it 
fail to prove, in the tests which were applying? 

Mr. Foster. Again let me drop back to the word “demonstration.” 
A demonstration test is different from an experimentation in our ter- 
minology. A demonstration test is to prove the adequacies or non- 
adequacies of something. In an experimental test we would have 
several items in there which would have different variables in them. 
Kelly only proved that the mix—the only thing that 

Mr. Courtney. What did it fail to prove, or did not prove? 

Mr. Foster. I don’t know offhand what to say, that it failed to 
prove. I don’t know. 

Mr. Courtney. Well, would this be correct to say, that in an experi- 
mental test, to give validity to the test as a whole, so far as it would 
contribute to the art of pavement design, you would have had to have 
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more variables in the test and that you would have had to substitute 
materials, different types of compaction, perhaps, and different types 
of material, at various levels, in order to get a true test. 

Mr. Foster. For true experimental test, that is right. 

Mr. Courrney. In order to prove the validity of your whole concept 
of pavement design; isn’t that right? 

Mr. Foster. Well, a demonstration test can prove the validity of 
the design—can prove or disprove it. 

Mr. Courtney. Prove or disprove it, plus or minus, but it can’t 
prove what might be done to correct the situation. 

Mr. Foster. It doesn’t tell which way to go—or how far to go. 
It tells you which way, but not how far. 

Mr. Courtney. The Kelly test failed to prove or demonstrate 
to you what direction you might have to choose in order to rectify 
the conditions that showed up. 

Mr. Foster. Well, it failed—I can say this. It failed to prove how 
far we had to go. It proved the direction. 

Mr. Courtney. That is right. 

Mr. Foster. And then the subsequent tests at Vicksburg, which 
were conducted the same summer, told us how far to go. 

Mr. Courtney. How far to go? 

Mr. Foster. That is right. 

Mr. Courtney. But is it correct also to say that the Kelly tests, so 
far as breakdown was concerned, were confined to the bituminous 
overlay, or the surface, if you please? 

Mr. Foster. Confined to the bituminous pavement; yes, sir. 

Mr. Courtney. Confined to the bituminous pavement material 
itself. 

Mr. Foster. Yes, sir. 

Mr. Courtney. The surface. 

Mr. Foster. That is right. Confined to this one here. 

Mr. Courtney. Yes. 

Mr. Bucwanan. To this cross section {holding sample. 

Mr. Courrney. That is all I had. 

Mr. Hésertr. Thank you, gentlemen, very much. 

The committee will stand in recess until Monday morning at 10 
o'clock, at which time we will have the witnesses for the Portland 
Cement Association. 

Mr. Courtney. That is correct. 

Mr. Héserr. That is all. 

(Whereupon, at 3:15 p. m., the subcommittee adjourned to recon- 
vene at 10 a.m. on Monday, July 1, 1957.) 
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MONDAY, JULY 1, 1957 


Housr or REepreseNTATIVES, 
ComMitTEE oN ARMED SERVICES, 
SUBCOMMITTEE FOR SpecraL [NvesTiGATIONs, 
Washington, D. C. 

The subcommittee convened at 10 a. m., Hon. F. Edward Hébert, 
chairman of the subcommittee, presiding with the following members 
present: Mr. Hess, Mr. Brooks, Mr. Gavin, Mr. Cunningham, Mr. 
Fisher, and Mr. Bates. 

Mr. Hésert. The commitee will be in order. 

Mr. Courrney. Mr. Chairman, we have the Portland Cement Asso- 
ciation this morning. In th center is Mr. G. Donald Kennedy, presi- 
dent. Mr. Kennedy is a registered civil engineer for the District of 
Columbia. He graduated Fn the University of Michigan, and is 
a former highway commissioner of Michigan and has numerous other 
distinctions to his credit. 

We have Mr. A. A. Anderson on his left, chief paving consultant, 
for the institute. Mr. Anderson is a graduate of Kansas State Col- 
lege, a naval officer during the war, and has many other distinctions. 

On the right of Mr. Kennedy is Mr. Gordon K. Ray, consulting air- 
port engineer for the institute, who is a graduate of the University of 
Illinois, and has other distinctions to his credit, all of which are set 
out in his presentation to be made to the committee. 

Now, Mr. Chairman, Mr. Kennedy has a prepared statement. Are 
you prepared to proceed, Mr. Kennedy ? 

Mr. Kennepy. Yes. 

Mr. Courrney. Mr. Chairman, I take it he may proceed in order 
without interruption until he completes his presentation ? 

Mr. Héserr. Yes; I will ask the committee members to cooperate 
and not interrupt until he completes his statement. 


TESTIMONY OF G. DONALD KENNEDY, PRESIDENT, PORTLAND CE- 
MENT ASSOCIATION, ACCOMPANIED BY A. A. ANDERSON, PAVING 
CONSULTANT, AND GORDON K. RAY, CONSULTING AIRPORT 
ENGINEER 


Mr. Kennepy. Mr. Chairman and members of the committee, our 
presentation is a prepared statement. After the title page we have 
a brief statement about the work of the association, which I will pass 
over. 

(The information referred to in the statement is as follows :) 
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THE PorRTLAND CEMENT ASSOCIATION 


The Portland Cement Association is a national nonprofit organization vol- 
untarily supported by over 70 member companies that manufacture portland 
cement in the United States and Canada. Its headquarters are in Chicago. 

The association’s work consists of scientific research, development of new 
products, promotion,. educational work, and. technical engineering service for 
improving and extending the uses of concrete. 

To carry out this work the association maintains a headquarters staff of 
more than 300 scientists, professionat-engimeers, and other specialists, and a 
field organization of more than 400 engineers, architects, and others working out 
of 32 district offices. 

These men are in daily touch with design, construction, and maintenance 
problems throughout the country. 

The association is in no way engaged in the manufacture, pricing, or sale of 
cement, and has nothing to do with commercial practices. 

Representing the Portland Cement Association : 

G. Donald Kennedy, president, registered civil engineer No. 234, District of 
Columbia; civil engineering graduate, University of Michigan; former State 
highway commissioner of Michigan; former vice president, Automotive 
Safety Foundation; former president of the American Association of State 
Highway Officials; member of the Highway Traffic Advisory Committee to the 
War Department, 1942-45; chairman of the Highway Research Board of the 
National Academy of Sciences, 1954—55. 

A. A. Anderson, chief paving consultant; civil engineering graduate, Kansas 
State College; naval officer during World War I; former division engineer in 
Kansas State Highway Department; member, American Concrete Institute; 
Arthur M. Wellington Prize, American Society of Civil Engineers in 1950, 

Gordon K. Ray, consulting airport engineer; civil engineering graduate, Univer- 
sity of Illinois; officer, Corps of Engineers, World War II; coauthor Influence 
Charts for Concrete Pavements, the basis for present-day airfield pavement 
design; member, American Association of Airport Executives; registered pro- 
fessional engineer in Illinois. 


Mr. Kennepy. Mr. Courtney has introduced the three members of 
our team here. 

I might say, incidentally, that it is the same team that appeared 
before you 3 years ago. 

The next page is an outline of our testimony, and then we come 
to the statement itself. 

Mr. Chairman, and members of the committee, thank you for the 
invitation to appear again before this committee. We welcome this 
opportunity to point out the economies that may be realized through 
the use of portland-cement concrete pavement for airfield construc- 
tion. The information which we will present has been obtained from 
authoritative and published sources. It is a privilege and a very 
great honor to be here. 

1954 hearings: In February 1954, I appeared before this committee 
to present some of the important reasons why concrete is the paving 
materia] essential for military airfields. 

Review. of association testimony: The fact that only concrete 
resists jet heat and blast was demonstrated and the disintegrating 
effects of jet-fuel spillage were discussed. The safety features of 
concrete pavement—better visibility, uniform durable skid resistance, 
both wet and dry, and freedom from loose particles—were discussed. 

In addition, data were submitted to prove the economy of concrete 
pavement, its longer service life and lower maintenance cost, as well 
as the savings in planes and crews resulting from fewer accidents and 
freedom from costly operational interruptions. 
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COMMITTEE FINDINGS 


After careful evaluation of all evidence presented, the committee 
ruled that the use of concrete in the critical areas, as defined by the Air 
Force and Navy, was justified and should continue. The committee’s 
judgment contributed lasting benefits to the Nation’s defense. 

Now, over 3 years of additional experience with concrete pavement 
for airfield installations have confirmed both the superiority of con- 
crete pavement, and the wisdom of previous decisions of this com- 
mittee. These changes of the rapidly developing air age now indicate 
that the use of concrete healt ti extended to those areas formerly 
characterized as noncritical. 


DEVELOPMENTS SINCE 1954 


Changing aircraft design: In 1954, the world was on the threshold 
of a new era in aircraft performance. Each new generation of air- 
craft has made more exacting demands upon airfield pavements. 
Despite these rapid developments, concrete pavements in service in 
1954 and those built since are the only airfield pavements that have 
successfully met operational requirements. In 1957, we see even 
greater effort devoted to advanced aircraft design. Concrete will 
continue to meet the requirements of more advanced types of aircraft, 
both military and civil. 


ADAPTABILITY OF CONCRETE 


These changes in design have brought about changes in operation 
which have imposed new demands upon airfield pavement. But, con- 
dition surveys of concrete in service and full-scale pavement tests have 
all confirmed the adaptability and superiority of concrete to meet these 
new demands. The same special properties of concrete that previously 
made it essential for the then-called critical areas now make it the only 
pavement suitable for all areas on military airfields. 

Because of its inherent adaptability to changing aircraft design 
and new operational requirements, concrete pavement establishes the 
highest standards of safety and economy. This adaptability makes 
possible increasing the structural load-carrying capacity of the pave- 
ment by overlaying existing concrete with added thickness as planes 
increase in size and weight. 


COST OF NONCRITICAL AREAS COMPARED TO THE TOTAL AIRBASE 
INVESTMENT 


This hearing is concerned with the need for concrete pavement in 
the so-called noncritical areas. An examination of the component 
parts of an airbase is necessary to properly consider the values 
involved. 

Components of an airbase: A modern military airbase, such as is 
demonstrated in No. 1, and we are showing here and which is in- 
cluded in the text in black ‘and white, is a vast complex containing 
many features; housing, community buildings, traming facilities, 
warehouse areas, fuel storage, hangars, operational facilities, parking 
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lots, streets, and airfield pavements. The total cost of a base suitable 
for the Strategic Air Command is in the vicinity of $100 million2 

You will note that many of these facts that are cited here are foot- 
noted here, as to their source. The sources that we refer to are all here 
available to the committee. 

Airfield pavement: The airfield pavement which is shown here on 
the overlap to the chart, at such a heavy-duty base, runways, taxiways, 
aprons, hardstands, and other special use areas, costs about $17 million, 
1¢ percent of total base-construction cost.? 

(The charts appear on the following pages.) 

Noncritical areas: The so-called noncritical areas, chart No. 3, run- 
way interiors and taxiways, make up about 20 percent of the total 
pavement area at a typical base or 3.4 percent of the total airbase cost. 

The possible savings in first cost between concrete and flexible pave- 
ment in noncritical areas is a small percentage of the cost of the total 
pavement, and an even smaller percentage of the cost of an airbase. 

Cost of noncritical areas compared to aircraft cost: Cost of either 
type of pavement varies from base to base, depending upon many local 
factors. Among local factors affecting bid prices are the subgrade 
strength, the availability of materials, the availability of qualified con- 
tractors, the size of the project, and the local labor force. 

Concrete is sosintinneal otal in first cost than flexible pavement. Ifa 
first-cost differential does exist in favor of flexible pavement in non- 
critical areas, and the possibility of such a differential decreases with 
each new change in designs and specifications for asphalt, it is still a 
relatively small percent of the total cost of a base. 

For a small possible difference in the airfield-construction cost, the 
safety of jet fighters, chart No. 4, worth $1,500,000 and B-52 bombers 
valued at $8 million each, is jeopardized. The total value of the 50 
to 100 such aircraft which would be stationed at an airfield far exceeds 
the construction cost of an entire base or several such bases. 

To evaluate the requirement for concrete pavement in these so-called 
noncritical areas, the nature of operations on these sections must be 
carefully considered. It is in these areas that the pavement does have 
the greatest effect upon the safety and economy of aircraft operation. 

The changes that have occurred in modern military aircraft have 
brought about drastic changes in these operations. Today, the non- 
critical areas have, in fact, become critical. But before discussing the 
noncritical areas, a review of the basic reasons why concrete is used 
exclusively in critical areas is in order (chart No. 5). 


NEED FOR CONCRETE IN CRITICAL AREAS 


Effect of plane on pavement: The critical areas, as they are now 
known, runway ends, aprons, and warmup pads, were earlier classi- 
fied as critical because of the serious effect which older and less power- 
ful jet aircraft had on pavement in these areas. It was here that jet 
blast, fuel spillage, and wheel loads damaged asphalt pavement. 





9 Two aan for the Biggest Strategic Bombers, Engineering News-Record, February 28, 
1957, p. 40. 

s Sa viemetine’ Maintenance of Pavements, by L. B. Crowley, USAF, Proceedings—Tacti- 
cal Air Command Pavement Maintenance Conference, December 1956. 
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The effects of planes on pavement were discussed at length at the 
1954 hearings and have since been the subject of many competent 
detailed studies. The results of these studies are now available, and 
I would like to discuss some of the findings. 

Fuel spillage: Fuel spillage is one characteristic of jets that must 
be considered in selecting pavement type. All jets discharge fuel on 
shutdown, and aircraft vent systems spill fuel onthe pavement. Pres- 
sure-fueling systems sometimes malfunction. This also causes exten- 
sive fuel spillage.* 

Jet engines while functioning normally also spill or vent overboard 
liquid fuel. This characteristic is most evident during taxiing opera- 
tions, when the engines are frequently brought to idle settings. Taxi- 
ing operations are, at one time or another, conducted over all portions 
of airfield pavement. This spillage requires a pavement ‘net that 
will not be damaged or otherwise affected by jet fuels. Aircraft acci- 
dents or the accidental dropping of auxiliary fuel tanks occur on run- 
ways and taxiways. The resulting spillage could seriously damage 
an-area previously regarded as noncritical. 

Moreover, emergency operations might expose these formerly non- 
critical areas to heat and blast. During operations in Korea, airport 
engineers were forced to make many emergency repairs due to fuel 
spillage and blast damage on runway pavement.* 

The Nation’s security and economy of operations require airport 
paving that makes every inch able to withstand any possible emer- 
gency demand. 

Concrete is not affected by jet-fuel spillage. Completely impervious 
to gasoline, oil, and kerosene, concrete pavement has long been used 


in gasoline-filling stations, garages and hangar floors, civil airline 
service ramps, and other areas where spillage of ordinary fuels is 
common. Jet-aircraft fuels are even more destructive of asphalt pave- 
ments than ordinary fuels. 

Heat and blast: Any consideration of the etfect of planes on pave- 
ment must list resistance to jet heat and blast ~~ among essential 


pavement properties. Jet engines generate high blast velocities and 
temperatures (chart No. 6) that require a durable, heat-resistant 
pavement that must not soften or distintegrate under prolonged expo- 
sure to such blast. This was a major consideration in 1954. It is 
even more crucial now. : 

As aircraft designers reach for more speed, bigger loads, and higher 

. . 5 . ’ = a . 
altitudes, engines with more and more thrust are required. To il- 
lustrate this change: in the last few years, the thrust of jet engines 
> 7 ’ Py & 

has increased from 5,800 pounds for the F-86 and the B—47 ° to over 
10,000 pounds for the B-52° and 15,000 pounds for the F-105 and 
F-106.' 

Increased thrust has created increased blast velocity and increases 
surface temperature. Gas turbine engines now coming into use will 
pose even more serious problems—higher exhaust velocities and high- 
er temperatures. In considering the economies of pavement types we 

* Report of Special Committee on Pffects of Military Aircraft on Airfield Pavements, 
Highway Research Board, August 1955, p. 46. 

*Jets and Asphalt—-They Don’t Mix, by William J. Geary, Pittsburgh Engineer, Novem- 
ber 1953, p. 10. 

5U. 8. Military Aircraft, Aviation Week, March 15, 1954, p. 196. 


®*U. S. Military Aircraft, Aviation Week, February 25, 1957, p. 223. 
7 J-75 Turbojet Unveiled, Aviation Week, May 20, 1957, p. 28. 
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need only look to the immediate future for additional requirements 
for pavement durability. 

Experience at Navy and Air Force fields has proved that concrete 
is resistant to high velocity blast and to high surface temperatures 
generated by turbojet engines. Laboratory investigations and full- 
scale research projects by the Navy, Air Force, and Bureau of Stand- 
ards show that concrete can be built economically which will with- 
stand exposure to blast temperatures far in excess of any now antici- 
pated from jet aircraft. 

Weight of plane and tire pressure: Military and civil airplanes are 
increasing in weight. Greater wheel loads and higher tire pressures 
may even make greater demands upon pavements than expected even 
3 years ago. The pavement must carry the traffic of these heavier 
planes. It must support heavy-wheel loads without failure and must 
resist the tremendous load concentration of high-pressure tires. 

In 1954, pavements were designed and built for the 200,000 pounds 
B47 (chart No. 7) with 190 pounds per square inch tire pressure. Its 
100,000 pound landing gear load was applied to the asphalt pavement 
which quickly failed in the 1956 test at Kelly Air Force Base.* 

Today, pavement must be designed and built for the newer B-52. 
This gigantic bomber weighs 460,000 pounds. Its 240,000 pound (120 
tons) landing gear load and 240 pounds per square inch tire pressure 
represent an increase of 14 percent in load and a 25 percent increase 
in tire pressure over that used in the Kelly test. 

In 1954 the F-84, F-86, and F-89 fighter aircraft had tire pres- 
sures in the vicinity of 200 pounds per square inch. Today, the 
F-100A has 222 pounds per square aah the F-84F has 240, and the 
F-101A has a tire pressure of 273 pounds per square inch. It is ex- 
pected that these pressures will continue to rise. Tire pressures on 
some Navy fighters are now in excess of 300 pounds per square inch. 

Increasing wheel loads and tire pressures have imposed new de- 
mands on airfield pavements, and created new requirements for per- 
formance. The pavement must be rigid and strong enough to re- 
sist these highly concentrated loads. The surface must not deform, 
rut, shove, or scuff under landing impact of these hard tires and ene i 
moving loads. The pavement must also possess structural strength 
to carry the load without failure of either the pavement or the sup- 
porting subgrade. 

Now, I want to add one sentence to the prepared text. 

Testimony before this committee has indicated that future planes 
may have a gear load of 325,000 pounds. Concrete is the only ma- 
terial that meets all of these requirements. It is a rigid, nonflexible 
material providing an ideal pavement for high pressure airplane tires. 
It does not deform under loads during hot weather. Ruts or de- 
pressions do not form in concrete under standing aircraft. 

Concrete becomes neither tacky or sticky due to high temperatures 
and therefore does not scuff during locked wheel turning movements. 
Lack of deformation means there is a minimum of resistance to roll- 
ing wheel loads during taxiing and take off. 

A concrete pavement is a precisely engineered structure. Concrete 
pavement design has been proved by full-scale field tests and labora- 





8 The Search Is on for Sturdier Asphalt Runways, Engineering News-Record, November 
15, 1956, p. 27. 
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} . 
tory investigatidns, and verified by the performance of literally tens of 
millions of square yards of airfield pavement now in use. 

The thickness of concrete required for any load, subgrade and op- 
erating condition can be determined accurately in advance of construc- 
tion. Engineers are agreed on concrete pavement design methods. 
No such uniform agreement has been reached on flexible pavement 
design. 

One primary function of a pavement is to distribute wheel load 
over the subgrade so that at no point is the pressure greater than the 
capacity of the subgrade to support the load. Concrete is the only 
pavement having the beat strength to do this. 

Test data (chart No. 8) prepared by the Corps of Engineers shows 
a comparison of pressure distribution under two pavements. The 
pressure on the subgrade under a 39-inch flexible pavement is 37 
pounds per square inch.® 

Similar tests on a 20-inch concrete slab under the same wheel load 
indicated pressures less than 4 pounds per square inch.”° 

The accuracy with which engineers can determine these subgrade 
pressures under concrete in advance is essential to provide adequate 
and economical pavements for the constantly increasing wheel loads 
of military aircraft. 

Channelization: One of the recent developments which has had a 
serious impact on the selection, design and construction of air field 
pavement is channelization of traffic. 

It is primarily on the taxiways that channelization of traffic devel- 
ops. The pilots of the heavy B-47 and B-52 bombers must glide their 
planes along the yellow center strips on the narrow taxiways in order 
to keep wing outrigger wheels on paved shoulder areas. The out- 
rigger wheels are needed because the wheel assemblies of the main 
landing gears are placed in bicycle fashion one directly behind the 
other. 

This need to follow a line results in a concentration of traffic and 
pavement loading in a very narrow band in the center of the taxiway. 

In addition, the bicycle-type landing gear system on these planes 
causes two load repetitions on the pavement for each aircraft that 
passes. Thus, these newer type aircraft cause six times as many cycles 
of stress in the narrow channel in the center of the taxiway as did 
earlier aircraft." 

Channelization of traffic caused deep ruts and structural failure in 
flexible pavement and prompted the full-scale traffic load tests con- 
ducted in 1956 at Kelly Air Force Base, Tex. 

Surveys of concrete taxiways built before the advent of channeliza- 
tion in service at SAC bases indicated that while there was some evi- 
dence of overloading on the older slabs designed for lighter aircraft 
and no channelized traffic, there still was no serious distress—no 
rutting or deformations to interfere with traffic. 

Concrete taxiways are continuing to carry this more concentrated 
traffic at many bases with no interruptions to operations. 

Concrete pavement can be designed and built economically to be 


* Accelerated traffic test at Stockton Airfield, Stockton, Calif. (Stockton Test No. 2), 
Sacramento district, Corps of Engineers, May 1948, plate 


177. 
Final Report—Lockbourne No, 2—Experimental Mat. Rigid Pavement Laboratory, 
Corps of mngincers, May 1950, p. 175. 


™ Heavy Wheel Load Traffic on Concrete Airfield Pavements, by Mellinger, Sale, and 
Wathen, Corps of Engineers, Highway Research board meeting, January 1957. 
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adequate for any channelized traffic. Concrete design takes into ac- 
count the number of load repetitions anticipated for any aircraft, 

The accuracy of concrete design for channelized traffic was suc- 
cessfully checked in full-scale pavement tests at the Corps of Engi- 
neers’ Rigid Pavement Laboratory at Cincinnati and in the test at 
Kelly Air Force Base. 

The ultimate economies resulting from the favorable performance 
of concrete in these tests will continue to provide pperent savings 
to the public. 


URGENT OPERATIONAL NEED FOR CONCRETE IN SO-CALLED 
NONCRITICAL AREAS 


Up to this point the important factors connected with the effect of 
military aircraft on airfield pavement have been discussed. The ef- 
fect of aircraft on pavements was a primary consideration at the 1954 
hearings. Today there is an even more important economic and safety 
factor to be considered in the so-called noncritical areas. 

Effect of pavement on plane: The effect of the pavement on vastly 
more expensive aircraft (ch hart No. 9) and on the safety of aircraft 
crews is reaching staggering proportions. These men, trained at 
great expense, are not expendable. 

In considering effects of pavement on the planes, we are considering 
pavement pr operties which affect safety. Safety is inseparable from 
efficiency of operation and efficiency is reflected directly in reduced 
cost of operation. Nowhere is safety of greater importance than on 
the high-speed runways and taxiways. These are the so-called non- 
critical areas. 

Visibility : Concrete’s high visibility (chart No. 10), day and night, 
is an important factor for pilots and for pilot trainees. The impor- 
tance of visibility to a pilot should be emphasized. This makes his 
job of getting into the runw ay and staying there easier. The necessit 
for all-weather operations in the Defense Establishment makes visi- 
bility more important, The high speeds, heavy loads, and complexity 
of modern aircraft operations make split-second decisions imperative. 

Concrete, because of its natural light color and its high reflectance 
of artificial light, has maximum viability. This safety factor is an 
integral, per manent, part of the pavement. Tests by the Navy Medical 
Research Institute of various runt vay surfaces dramatically show con- 
crete reflectivity averages more than twice as high as asphalt sur- 
faces.* The same report shows this higher average reflectivity in- 
creases visibility even more markedly. 

The greater visibility of concrete runways has long been acclaimed 
by pilots. This has been officially made a matter of public record by 
the “Airline Pilots Association.” Representatives of the pilots associa- 
tion also have gone on record as requesting that only concrete be used 
on runways—the entire runway—for safety’s sake. 

Skid resistance: Another pavement property to be carefully con- 
sidered as a matter of safety when measuring the effect of pavement 
on the plane especially in noncritical areas is skid resistance (chart 
No. 11) or stopping distance. 

12°The Visibility of Airport Runways, by Capt. N. L. Barr, Lt. (jg.) T. A. Haussman, and 
Lt. (ig.) J. F. Perker, U. 8S. Navy. Society of Automotive Engineers. April 1958. 

1%8 Suitable Airports From an Airline Pilot’s Viewpoint, Capt. Barton Bawitt, TWA, 


transcript—1954 American Association of Airport Evecutives, May 1954, 
4 Runway Construction at O’Hare Field, Airline Pilots Association, May Bx 1955. 
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Skid resistance of the pavement surface, or friction between tire 
and pavement, is most important on runways and taxiways. During 
takeoff and taxiing, as well as landing, control of the aircraft depends 
to a large extent upon skidfree contact between tire and runway sur- 
face. Controls used in flight are not sufficiently effective until flying 
speed is approached. On the ground the pilot must depend largely 
upon his brakes and steerable forward landing gear to remain on the 
runway. A slippery pavement is hazardous. 

Excellent skid resistance is an inherent characteristic of concrete, 
The texture built into the surface at the time of construction insures 
excellent skid resistance for the life of the pavement. Airline pilots 
have testified to this fact.° They list skid resistance of runway sur- 
faces as one of the most important safety features. Accidents have 
been attributed to slippery runways constructed of other materials.“ 

The ability to stop a plane on an airfield runway is of even greater 
significance with jet aircraft. They must rely almost entirely on 
brakes since there are no reversible propellers. Pilots have confidence 
that they can stop safely on concrete whether the pavement is wet or 
dry, in hot weather as well as in cold. 

Surface alinement: Another factor in the effect of pavement on 
plane is surface alinement. Surface alinement is now of critical im- 
portance because of new aircraft designs and speeds. 

Pavement surfaces on runways and taxiways must be level and even 
for operation of high speed jet aircraft. Small bumps, waves, or other 
irregularities in pavement surface have a serious effect on the air- 
craft and its performance. Such irregularities in the surface of run- 
ways and taxiways cause a rocking motion of the plane to set up vibra- 
tions which damage delicate electronic instruments, overstress the 
airframe structure and seriously affect pilot control of the aircraft. 
At the high takeoff and landing speeds necessary today this is a 
matter of vital importance to safe and economical operations. 

The porpoising or galloping that has developed on rough asphalt 
runways demonstrates the costly effect of pavement roughness on 
aircraft. Figures have been released showing that takeoff speeds 
of new aircraft are in excess of 150 miles per hour. At this speed, 
the aircraft travels 220 feet per second. Surface irregularities disturb 
the equilibrium and stability of the plane. A plane surface for taxi- 
ways and runways is vital to the pilot’s control of aircraft during high- 
speed operations. 

A pilot taxiing a plane at 100 miles per hour—and many of them land faster 
than that—must endure plus or minus 2% G’s of pressure from the vibrations 
of the plane alone. It is no wonder that the Air Force wants to do everything 
possible to cut down causes of motion and vibration. Unevennesses in runways 
can mean the repeated loss of valuable equipment and priceless lives of highly 
trained air crews." 

Concrete is the only pavement which can be built to the strict sur- 
face tolerances required for safe operation of today’s planes. Built to 
an even plane, it retains its alinement with no ruts or bumps develop- 
ing under concentrations of channelized heavy wheel loads. The 
effects of airplanes on pavement, and the consequent effect, in turn, of 





% Airport Problems From the Pilot’s Viewpoint, T. J. Linnert, ALPA, transcript—1956 
American Association of Airport Executives, April 1956, p. 65. 

16 Aviation Week, February 6, 1956, p. 95. 

17 The Construction Job Ahead, by Lieutenant General Sturgis, Corps of Engineers, Asso- 
ciated General Contractors meeting, February 1956. 
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damaged pavement causing costly aircraft damage or accidents, is ‘a 
most significant factor in judging pavement economy. 

Engine damage from loose particles: Jet engine damage from pave- 
ment particles is another highly important effect of pavement on 

lane. Loose objects on pavement surfaces are a serious hazard to 
jet Operations. Foreign objects entering jet engine intakes cause 
such serious damage to engine compressors that a costly complete 
engine replacement is required. 

It is estimated that 40 to 50 percent of USAF engine replacements 
result from damage due to foreign particles entering the compressors. 
The $200,000 jet engine is in common use today and this is a major 
item that must be included when considering pavement economy. In 
fiscal year 1956, alone, the estimated cost of repair and replacement 
of engines damaged by foreign objects picked up from the pavement 
was over $8 million. Since it is widely known that the predominant 
damaging agent is listed as small stones, the importance of pave- 
ment type cannot be overemphasized. 

Concrete is free from sand, chips, or loose stones that may be loos- 
ened by jet or propeller blast or kicked up by the nose wheel of an 
aircraft and then be picked up by a jet engine. The even, rigid sur- 
face of concrete is clean and easily swept free of foreign particles. 


IMPORTANCE OF MAINTENANCE AND OPERATIONS 


Still another factor vitally concerned with economy is maintenance. 
No pavement yet designed has been so perfect as to eliminate all 
maintenance. But experience shows that the durability of concrete 
greatly minimizes the need for expensive maintenance. Where major 
maintenance is required, delays in training schedules can easily cause 
dollar losses running to many times the investment for all installa- 
tions at a given field. Even in peacetime, this is expensive. For 
example, most modern bomber installations have only one runway. 
Shutting down this runway for maintenance may mean shifting an 
Air Force unit away from its base for periods ranging from weeks to 
months, with a consequent delay in meeting costly training schedules. 

In time of national emergency, however, extensive paving failure 
requiring major maintenance would be not only expensive but could 
well be catastrophic. The need for constant operational readiness of 
our Defense Establishment and ability to operate uninterruptedly 
during wartime are of paramount importance. Therefore, the only 
economical pavement is one fully usable at all times, under all foresee- 
able circumstances, with a minimum attrition of men and planes. 

For these reasons, the findings of the special Highway Research 
Board Committee study on the effect of military aircraft on airfield 
pavements that initial construction costs must not take precedence 
over operational requirements are of special significance.*® The 
trained officers and engineers of the Air Force, Navy, and Army are 
in a better position to determine these operational requirements for 
the most important segment of our defense than any other men in the 
world. These dedicated men alone have the opportunity to properly 

18 Systematized Maintenance of Pavements, by L. B. Crowley, USAF, proceedings, Tactical 
Air Command maintenance conference, December 1956, 


” Reprint of Special Committee on Effects of Military Aireraft on Airfield Pavements 
Highway Research Board, August 1955, p. 6. 
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evaluate and analyze all the essential factors: construction costs, 
maintenance costs, operational costs, safety, and, above all, the ability 
of the installation to fulfill its defense mission. 

The foregoing charts help point up the highly important differences 
that exist between the operational performance and safety of con- 
crete pavement compared to any other paving material. These dif- 
ferences are of the greatest economic importance. They exist because 
of the effect which jet aircraft and heavy wheel loads have upon air- 
field pavement{ and the effect which the pavement has upon such 
aircraft. | 

Savings accrue through use of concrete. These savings are gained 
through greater durability under today’s severe operating condi- 
tions through longer service life, less maintenance, and less damage 
to costly aircraft. 

The safety of millions of Americans depends upon the operational 
readiness not only of planes and men, but of the airfield pavement 
they must use (chart No. 12). The possible difference between pave- 
ment types is a small percentage of the total cost of an airbase; far 
less, in fact, than the cost of a single heavy bomber. Pavement cost 
is relative. The economy of a pavement is related to its performance, 
to the safety of crews and aircraft, and the effects of planes upon the 
pavement and the pavement upon the planes. Airfield pavement is 
a vital part of a defense team; the crew, the aircraft, and the airfield. 
The ability of all of these to function at any hour, any day, any 
season and any climate is essential. 

Association testimony thus far has stressed the inherent economies 
of constructing all airfield paving with concrete. Wherever possible, 
we have discussed these matters in terms of dollars and cents. But 
there are some aspects of airfield operation impossible to measure pre- 
cisely in terms of money (chart No. 13). In addition to economic 
considerations, there is the most important criteria of all in selection 
of pavement—the lives and safety of the pilots who must use it. Ac- 
cording to official testimony presented before the last session of 
Congress, 66 percent of all major Air Force accidents occur in landing, 
takeoff, or taxiing.” In many of these accidents, runway quality or 
condition was the principal or a contributing-cause factor. 

The facts now show how truly critical these areas are to aircraft 
operation and to pilot safety. During the past 5 years, the Air Force 
has recorded approximately 2,000 major accidents a year. Ina typical 
year, these accidents result in about 800 fatalities to the finest young 
men in the United States. 

CONCLUSION 


So, in terms of lives lost and aircraft damaged, the so-called non- 
critical areas of our airfields are in fact very critical. 

Damage to aircraft resulting from faulty paving can be given a 
money value. The lives of pilots are not measured in terms of dollars. 

If the use of the highest quality airport paving could save even one 
of these lives—and the figures I have quoted indicated that the highest 
type paving can save a substantial number of them—no greater 
economy can be effected. Compromise is unthinkable. 
> Flight Safety Testimony, by Brig. Gen. Joseph D. Caldara, Office of Inspector General, 


USAF, Subcommittee of the Committee on Appropriations, House of Representatives, 84th 
Cong., March 20, 1956. 
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I have attempted to show today by means of engineering fact, eco- 
nomic comparison, and the statements of eminently qualified authority, 
that on today’s airfields all pavement is critical, and that the only 
economical pavement is the safest, most durable, most maintenance- 
free pavement—and that is concrete. 

Thank you. 

Mr. Héserr. Thank you very much. 

I would just like to make two comments before we ask ny ques- 
tions. I am sure you didn’t intend to leave the impression that the 
committee is in agreement with the present directive of the Air Force. 

In your opening statement, or _ opening pages, you indicated 
that the operation now is under the findings and the agreement into 
which the committee came in the 1954 hearings. 

As a matter of fact, construction is not in accordance with that 
agreement or that understanding of the committee, which is the rea- 
son why we are back here today. 

The committee at that time, under the chairmanship of Mr. Hess, 
came into agreement that the pavement was to be used in critical areas, 
and not in the noncritical areas, the Air Force without consulting the 
committee arbitrarily issued a directive, the noncritical areas were 
extended to become critical areas, thereby technically staying in agree- 
ment with the committee’s finding but actually going beyond what 
the committee had agreed to. 


Again, I am intrigued with the sentence that you have on page 4 
at the top: 


This hearing is concerned with the need for concrete pavement in the so-called 
noncritical areas. 

This hearing is concerned with the reason why the Air Force 
changed the agreement which was made, and is concerned as to why 
noncritical areas have been declared critical areas. 

I merely make these comments in the interest of accuracy and to 
pinpoint exactly what we are trying to find out. I must compliment 
you on the statement. It is very adroit and very clear. If I had been 
on your side of the table, I would have been proud to have been able 
to write such a persuasive statement in your behalf. 

I also call your attention to the dogmatic statement that the Kelly 
tests were failures. The testimony here has been abundant and multi- 
ple allegations have been made that the Kelly test was not a fair test 
on the flexible paving. 

It was also testified that the construction of the flexible side of the 
track test went beyond—in its application to the actual test it went 
beyond the construction. 

just wanted to keep that in there so as to be accurate and know 
what we are talking about, 

Mr. Kennepy. May I make a comment? 

Mr, Héserr, Yes. 

Mr. Kennepy. I am certainly in complete agreement with you that 
our statement did not intend to imply that the committee was in agree- 
ment to the application of concrete to the noncritical areas at the 
present time. 

The page, on page 2—if I may just review it. 
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After a careful evaluation of all evidence presented— 
and this refers to the 1954 hearings— 


the committee ruled that the use of concrete in critical areas as defined by the 
Air Force and Navy was justified and should continue. 

Now I am talking in this paragraph—and it is underscored—only 
about critical areas. And the committee at that time, I believe, Mr. 
Chairman, did agree that the concrete should be used in the critical 
areas. We comment on that editorially by saying: 


The committee’s judgment contributed lasting benefit to the Nation’s defense. 


In the later parts of the talk we go on to discuss noncritical areas, 
You are correct, sir, we do not intend to imply that this committee 
indicated that at that time concrete was to be used in noncritical areas, 

The letter that is addressed to the Portland Cement Association, 
in the opening paragraph, referred to the reasons for the hearing 
which we have quoted, which indicates that it concerns the paving 
materials to be employed in the so-called critical areas of airfields. 
-With my deepest respect, sir, it was merely quoting from the letter of 
the committee. 

Mr. Heéserr. The thing that I wanted to point up, Mr. Kennedy, 
is this: That at the time the committee came into agreement, there 
were certain areas called critical in which the committee was in com- 
plete accord with that statement and that position. 

However, some time after the hearings and after the agreement had 
been reached and an accord had been reached, the Air Force arbi- 
trarily circumvented the intent of the committee in its agreement by 
merely declaring so-called noncritical or a great many so-called non- 
critical areas as critical, which would, of course, technically bring 
them into the scope or the confines of the committee agreement. But 
actually, by merely declaring the noncritical areas as critical, they 
circumvented the intent of the committee. I am sure that in the 
reading of the letter there, you are again technically correct—but we 
are concerned with the noncritical areas that have been declared 
critical. 

Weare trying to find the reason for that, and the reason that in some 
instances the complaint has been made that practically the whole 
airfield in effect has been declared critical, to the exclusion of flexible 
paving. 

Now, it would be just as simple for the Air Force, if it wanted to 
do so, to declare the roadway leading into the airport or the airbase 
as critical and stay within the confines of the agreement. I don’t 
want to banter. Iam sure you appreciate the fact that I do not want 
to banter. But I wanted to point up these things, to pinpoint them, 
to show our concern. 

In reference to the Kelly test, as I indicated here, certainly it is an 
area that has not been resolved yet, because certain allegations have 
been made by the representatives of flexible paving to which the Air 
Force will be called upon to testify. That is not your concern. You 
are defending concrete. 

Mr. Kennepy. Yes, sir. 

Mr. Hésert. As you probably should do. I compliment you on 
your presentation there. 

Mr. Kennepy. Thank you, sir. 


St te ed Ta ae) 
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Mr. Hépzerr. But at the same time, it is our job on this side of the 

table to get all the facts down, or as much of them as we can. 
_ Mr. Kennepy. We tried to avoid the area of disagreement between 
the committee and the Air Force and, after having commented upon 
the earlier decision, then our argument goes to the use of concrete in 
certain areas—the taxiways and the center of runways, which we now 
believe should be ruled by this committee to be critical, for the reasons 
that we have studied and included in our document. 

Mr. Héserr. That is perfectly all right. A good offense is always 
your best defense. 

Mr. Kennepy. Thank you, sir. 

Mr. Héperr. It is very, very, very enlightening to know how you 
charge in with an offense instead of a defense, which you had before. 
You want to take it all in now. 

Mr. Gavin. I think it is a very excellent statement. 

Mr. Hésert. I agree. 

Mr. Gavin. Sound and informative. In fact, it is most impressive. 
I didn’t participate too extensively in those 1954 hearings. However, 
I do feel that possibly what was noncritical back at that time may be 
critical today. How we could restrict the Air Force to critical and 
noncritical and who are not flying the planes and handling the man- 
agement of these fields determine what is critical and what isn’t 
critical, I don’t know. I think they have to use their judgment to a 
certain extent. But the facts brought out in this statement here today 
as to the increased size and weight of these planes certainly—a field 
that may have been noncritical in 1954 may be critical today. 

I just thought that this statement here covered the field as far as 
concrete was concerned. The gentleman did stay with concrete and 
kept his statement right within the purposes for which it was 
intended. 

Mr. Cunnrncuam. Mr. Chairman, I have a question to ask of you. 
Is this hearing today open to consideration of whether or not con- 
crete is the best pavement in the critical areas as defined by this com- 
mittee in 1954, or are we always open to select something else if it is 
proven to be better ? 

on Hésert. We are always open, Mr. Cunningham, to accept a 
change. 

Mr. CunnincHuam. This, then, is not confined to the mere ques- 
tion of expanding what was critical ? 

Mr. Héserr. No, sir. The reason the committee is here is because 
of the complaint of the flexible paving representatives, in what they 
consider as a violation of the original agreement entered into by the 
committee in 1954. Obviously, critical areas may be expanded at any 
time in the judgment of the Air Force. 

Mr. Cunnitneuam. The question was prompted, Mr. Chairman, by 
the witness’ statement, or as I understood it his statement assumed 
the fact to be that there was no pavement suitable for the critical 
areas as they are defined in 1954 except concrete. I thought it was 
a pretty strong statement, and I wondered if we had closed the door. 

Mr. Héserr. No; we have not closed the door. 

Mr. Cunnincuam, All right. 

Mr. Hésert. That was the reason for my observation. 

Mr. Cunnrneuam. I thought so. 








2162 AIRSTRIP PAVING MATERIALS 


Now I have one question, then, of the witness. 

On page 23 you state: 

In many of these accidents runway quality of condition was the principal or 
a contributing cause factor. 

Were these accidents on the critical areas of runways that are cov- 
ered by concrete or were some of them on areas covered by asphalt? 

Mr. Kennepy. Both, Mr. Cunningham. 

Mr. CunnincHam. What is the percentage of the accidents that 
were on concrete as compared with asphalt? 

Mr. Kennepy. We don’t have access to those statistics. I rather 
doubt—the Air Force might be able to segregate them in that manner. 
We are not—— 

Mr. CunnincHAM. May I say this, Mr. Kennedy. From the way 
you presented your adroit statement—and I must say it was a Fielding 
Yost one, all right, in attack—I would infer and I think anyone would 
infer that the accidents you referred to on the runways would have 
occurred on concrete, since the taxiing and the takeoffs are all critical 
areas where the accidents would occur. 

I am thinking of some years ago we had testimony before another 
committee of a wheel dropping through the pavement over at Offutt 
Air Force Base at Omaha. My understanding is that was concrete, 
is that correct? 

Mr. Kennepy. That is correct, sir. 

Mr. CunnincHuam. And that cost the lives of 5 crewmen, who were 
burned to death. So you can have accidents with concrete just as 
well as anything else. 

Mr. Kennepy. Surely, the increasing loads that we have experienced 
since World War IT make obsolete the pavements that were built in 
that period. As you know, in the area that you are discussing there 
are a number of airbases that were built during World War IT and 
served the airplanes of that era. We have gone through an increase in 
the total load and the concentrated loads of a remarkable amount, and 
to observe these modern planes—the B-52 and the increased loads 
that will follow 

Mr. Cunnrneuam. Then you didn’t mean to state to the committee 
as I gathered from your statement that concrete is developed to the 
point today where it is suitable for all planes that may be developed 
in the future? 

Mr. KenNepy. Well—— 

Mr. Cunntncuam. You will have to strengthen your product as 
well as any other product. 

Mr. Kennepy. As far as existing runways are concerned, as the 
B-52 load may be increased another 25 percent, let us say, it will 
require certain strengthening of runways. Just as the World War II 
runways required beefing up by adding another overlay of concrete, 
which has been done extensively on our principal airbases, 

Mr. Cunnincuam. Can you tell me what percentage in the mix is 
there of concrete on a good runway? How much is pure cement and 
how much is something else ? 

Mr. Anverson. There is a barrel and a half per cubic yard. 

Mr. Gavin. Aggregate: 

Talk louder. I can’t hear it. 

Mr. Courtney. He said there is a barrel and a half per cubic yard. 
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Mr. Anperson. Six sacks per cubic yard. It would depend entirely, 
of course, on the thickness of the runway. 

Mr. Courtney. You are talking about the percentage of mix now? 

Mr. Kennepy. That is right. 

Mr. Anvrerson. It would be approximately 214 percent. 

Mr, Cunnrncuam. Of 

Mr. Anperson. Cement per cubic yard. I divided 6 by 27. 

Mr. Cunntncuam. Is that all the concrete that there would be in a 
cubic yard, 21% percent? 

Mr. Anverson. All the cement; yes, sir. 

Mr. Kennepy. The cement component of a cubic yard, Mr. Anderson 
is stating, amounts to 21% percent of the cubic yard of concrete. That 
is about correct. 

Mr. Hess. I don’t think so. 

Mr. Courtney. No. 

Mr. Hess. It must be more than that. Because that would powder 
up. 

Mr. ANDERSON. 22 percent, I’m sorry. 

Mr. CUNNINGHAM. 22 percent. 

Is that the best ratio that you have been able to find to give the 
strongest pavement, or weld a greater percentage of pure cement 





make a stronger runway ? 


Mr. Anprrson. There would have to be aggregate, Mr. Cunning- 
ham, in with it to make concrete. There are 6 sacks of cement, or 
6 cubic feet out of 27 cubic feet, or cement, if I understood your ques- 
tion correctly. 

Mr. CunnincGHAM. My question is directed to this. If you reach a 
certain point of too much cement, does it weaken the runway ? 

Mr. Anverson. If you added what, sir? 

Mr. Cunnincuam. In other words, if you made a pavement of pure 
cement, would it work ? 

Mr. Hess. Pure cement. 

Mr. Anperson. Pure cement ? 

Mr. Cunntneuam. Pure cement. 

Mr. Anperson. It wouldn’t be satisfactory, sir. 

Mr. CunntncHam. Why not? 

Mr. ANperson. On account of the shrinkage and internal stresses. 

Mr. Cunntnenam. On account of the cost, too, wouldn’t it? 

Mr. Anperson. Well, that would be true; yes, sir. 

Mr. CunnrncuamM. I am thinking of safety. 

Mr. Anperson. How is that? 

Mr. CunnincHam. I am thinking from the safety standpoint. 

_ Mr. Anperson. Oh, in safety, the tendency with no aggregate would 
be one of greater smoothness or slickness than with the aggregate in it, 
sir. 

Mr. Cunnineuam. How about safety ? 

Mr. Anperson. That is what I had in mind, was the surface texture 
of the pure cement--now I am taking your hypothetical basis of pure 
cement, which is never done, of course. That would have less skid 
resistance than 1 with only 6 sacks per yard. 

Mr. Cunntncuam: When I worked as a tester in a cement factory, 
it was done. 

Mr. Anperson. What is that, sir? 
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Mr. Cunnincuam. I say when I worked as a tester in a cement fac- 
tory, it was done, at times. 

Mr. Kennepy. Well, in sampling cement, we are constantly making 
samples of cement paste which are allowed to harden. 

Mr. CunntncHamM. Paddies? 

Mr. Kennepy. Yes. However, there is no use of cement paste as a 
structural material. The properties of cement for all structural pur- 
poses are much better when the aggregates are graded and added and 
mixed with water and hardened in that fashion. 

Mr. Cunnincuam. Could you tell me what artificial stone—how 
much cement there is in that? That is artificial stone that is used in 
building today ? 

Mr. Kennepy. With cement? 

Mr. Cunnineouam. Artificial stone. 

Mr. Kennepy. Yes. You are asking the cement content? 

Mr. CunnitncHam. Yes, do you know the cement content? 

Mr. Anprerson. Seven bags, I think. 

Mr. Kennepy. May I ask Mr. James Piper, vice president 

Mr. Cunnrncuam. Wait. I will get it again. 

That is all, Mr. Chairman. 

Mr. Fisuer. Mr. Kennedy, are you familiar with General Wilson’s 
testimony, the Deputy Chief of the Corps of Engineers? 

Mr. Kennepy. It has been reported to me verbally. I have not had 
the opportunity of reading it, Mr. Fisher. 

Mr. Fisuer. I was wondering if you subscribe with his conclusion 
and views about both rigid and flexible and about the future? 

Mr. Kennepy. Well, I certainly subscribe to his views as stated to 
the committee, that there is nothing that can replace experience and 
practice as compared with laboratory testing. 

I thought his statement with regard to concrete was a very wonder- 
ful statement. Iam not familiar with what he did say about the flexi- 
ble pavement. I thought he made a splendid witness before this 
committee. 

As the dean of enginering at my school used to say, “When horse- 
sense and engineering don’t agree, use horsesense.” And I think the 
general gave somewhat that type of an impression. 

Mr. Fisuer. Well, you are not familiar, then, with his comments 
about flexible? 

Mr. Kennepy. No, sir. 

Mr. Fisuer. I see. 

Mr. Kennepy. I think Mr. Ray heard that testimony, Mr. Fisher, 
and might be able to respond to you. 

Mr. Fisuer. I am just wondering if you agree in general with 
the conclusions he arrived at. 

Mr. Ray. I believe we agree with what he said on both pavements 
with regard to design. 

Mr. Fisuer. I see. 

Now just briefly, tell us how much more it costs to use rigid than it 
does flexible, in concrete pavement—percentagewise? Does it cost 
10, 20, or 30 percent more? 

Mr. Kennepy. Well, you have had testimony before the committee 
which gave a range of costs. I believe the general stated to you 
that there are conditions where certain subbase situations make con- 
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crete the cheaper pavement, but by and large it is a more expensive, 
pavement, on the basis of national averages. 

Mr. Fisuer. Assuming that you used the same subbase for both, 
currently what is the differential between the two? 

Mr. Kennepy. I would like Mr, Ray to answer. 

Mr. Ray. It depends on many factors, sir. I mean local factors. 
In one area of the country 

Mr. Fisuer. Well, let’s kind of take an average in general. 

Mr. Ray. The only average I could take probably is what has been 
given you. Because there is no such thing as an average. It varies 
as to individual bases, and maybe on a contract let later in the year, 
as contrasted to an earlier one that year. The two costs may change, 
appreciably because of the factors that enter into the cost.. You can’t 
say, because it may cost a certain amount in New England and in 
Texas it may cost half that cost. In some parts of the country con- 
crete may be cheaper than asphalt. 

Mr. Fisuer. Let’s just take Texas and apply it there. About what 
is the differential in Texas? 

Mr. Ray. Well, I can’t give you the differential, because I can’t 
give you cost on flexible. Concrete this year in Texas on 2 or 3 big 
jobs which have been awarded, I believe at Amarillo and Sheppard 
Air Force Base, and one at Bergstrom, has been the lowest price for 
concrete per cubic yard that we have had on any jobs for a number 
of years. It has been down to around $12 per cubic yard for con- 
crete. Then if you know the thicknesses of their pavement—they 
run maybe 18 inches, and that would run maybe $5 a square yard for 
concrete on those real thick, heavy SAC bases. But they didn’t take 
bids on flexible pavement for those same jobs, sir. 

Mr. Fisuer. O. K. That is all. 

Mr. Courrney. Just 2 or 3 questions, Mr. Chairman. 

Of course, Mr. Kennedy, your statement is based and your conclu- 
sions are based on one premise, That of course would be that the. 
concrete pavement of which you spoke and are speaking was designed. 
and was adequate to perform the job to which it was put. 

Now what is the situation with respect to underdesigned concrete | 
pavement? There is testimony here from General Wilson that of 
the failures that have occured in pavement on the bases which are 
now being made to serve the B-52 and the B-47, that I think five of 
them were concrete pavements. One is Lake Charles, and the others 
are Forbes, Dow, Castle, and Smoky Hill. 

Now, with respect to the repair of that type of pavement in the 
case of failure—we have some 20-odd bases now that have been de- 
signed for the older aircraft or were designed for the older aircraft, 
with lesser load and lesser stresses, and lesser tire pressures—every- 
thing less than the present B-52 and B-47. 

Now, what is the situation so far as concrete is concerned im the 
cost of souping up these pavements, if you please—just take the con- 
crete pavements—to serve the newer loads? What about the expense 
of that ? 

Mr. Kennepy. The Air Force has done a great deal of that kind of 
work during the last 5 years, what is commonly referred to as beef- 
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Mr. Kenneny. That consists of laying another layer of concrete 
on top of the earlier layer; and those vary in thicknesses a great 
deal. But they are heavy structures. 

The cost for the new pavement will take a square yard price that 
is comparable with an original pavement. It might be somewhat less 
because there is not so much preparatory work to be done on the base. 
So you would expect that the cubic yard price that Mr. Ray has re- 
ferred to would be comparable with the cubic yard price for concrete 
in place in an original pavement. 

Mr. Gavrn. Mr. Counsel, I think that is a very important question. 
We have Colonel Conner and Colonel Alexander here. 

What I would like to know from the Air Force is whether or not 
they are permitting any B-47’s or B-52’s to use bases that have not 
been reconstructed to take care of the heavy loads, that were designed 
for lighter planes. 

Do you know of any bases where you are bringing these big ships 
that were designed for lighter equipment than in use today ? 

Colonel ALexanpver. Yes sir, Mr. Gavin. 

Mr. Gavin. You ought to discontinue it, or you are going to have 
another accident. 

Colonel Atexanper. Yes, sir. 

Mr. Gavin. How many fields would you say you are using that have 
this lighter construction that was designed for lighter planes that are 
now being used by B-47’s and B-52’s? 

Colonel Arexanver. I couldn’t tell you the total number, but they 
would be several. 

Mr. Gavin. What are you doing about it ? 

Colonel Atexanper. Our policy, Mr. Gavin, on the 100,000-pound 
pavement that will be overloaded is to observe that pavement very 
closely and not program strengthening or reconstruction, until it be- 
gins to show some indication of failure. 

Mr. Gavin. Well, supposing you had a bad crash there and there 
were a lot of liyes lost. Would that prove to you, then, that you bet- 
ter do something about it? 

Colonel AtexaNnver. The type of distress I am talking about is 
minor cracking, sir. Pavement as you recall the testimony of the 
Corps of Engineers is designed from empirical curves. There are 
many variables. Oftentimes, even though a pavement is designed for 
100,000-pound loading, it will carry considerable more loading than 
that. So we don’t feel justified in coming to the Congress and asking 
for money to strengthen these pavements until such a time as we 
know that they are showing distress. 

Mr. Gavin. How do you know what action the Congress would take 
if you did come and present your case and say that “The situation is 
rather critical and something may happen, and we think appropria- 
tions should be made to strengthen these pavements to meet the in- 
creased size of the planes and the loads.” 

Colonel ALexanper. We don’t know, sir. 

Mr. Gavin. Then you better try and find out, because I think it is 
a very serious question, that you would be using pavements that were 
designed for lighter loads and are now coming along with the B-47 
and B-52’s. We ought to do something about it before we have some 
difficulties arise. 
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Colonel ALexanpeER. We will, sir. It will be programed. 

Mr. Kennepy. Mr. Hébert, may I ask Mr. Ray to comment on this 

oint for a moment? 

Mr. Hépnerr. Yes; certainly. 

Mr. Ray. I believe there is some misunderstanding on these over- 
loads. As General Wilson pointed out, concrete can take an overload 
over what it is designed for for quite a while before we get a serious. 
failure. 

Now you notice the reports in the Corps of Engineers and Air Force 
testimony, about cracking on these bases you have mentioned. In no 
case have they had to go in yet and replace and make any major 
repairs. We inspected three of those bases last summer. ‘The cracks 
have been showing up since 1954 in one instance and yet that pave- 
ment is still in use by B-47’s. The only repair was joint sealing of 
this crack to keep out water. 

Mr. Courrney. You anticipated the question that I wanted to ask 
you, whether or not these failures that are spoken of here are sudden 
failures, between the time a plane takes off and it lands, or whether 
there is gradual and progressive deterioration. 

Mr. Ray. It is gradual. Now, many of our bases are still using 
pavement built in World War II, designed for B—17’s and B-29’s, 
and they are still carrying B-47’s and things, which are a terrific 
overload. They are showing some distress. But until that distress 
gets serious enough to show up to the point where it looks like it 
might need a repair, no repair is usually made. 

Mr. Courtney. The poimt about it is simply this, that this distress 
is a gradual, progressive affair. 

Mr. Ray. That is right, sir. 

Mr. Courtney. And not something that is sudden. 

Mr. Ray. It is gradual on concrete, and progressive. 

Mr. Courrney. On concrete. That is what I am speaking of. 

Mr. Ray. Yes, sir. 

Mr. Kennepy. Both of these terms “distress” and “failure” as used 
by witnesses are technical terms and aren’t to be confused, at taking a 
look at these pavements and finding them in an unsightly, dis- 
orderly array. It doesn’t mean that at all. 

Mr. Ray. A crack 

Mr. Courrney. It does not mean that it is not operational. 

Mr. Kennepy. Not at all. 

Mr. Ray. That is right. 

Mr. Courtney. Simply because you say there is a failure or dis- 
tress. 

Mr. Kennepy. Not at all. 

Mr. Courrney. It means the pavement has cracked, but it is still 
operational. . 

Mr. Kennepy. It means that the pavement should be strengthened. 

Mr. Courrnry. Strengthened. 

Mr. Kennepy. Yes. 

Mr. Courrney. None of these failures are a sudden occurrence? 

Mr. Ray. No. As you know, one crack in a pavement doesn’t mean 
a failure as far as load-carrying ability goes. 

Mr. Courtney. Now on this matter of concrete overlay of concrete 
pavements, how much proof is there of the ability to get a binder on 
the old pavement surface, with the application of a new overlay ? 
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Mr. Kennepy. Mr. Anderson, on my left, who is our chief consultant 
on the matter, prefers that these pavements be designed without a 
bond between the overlay and the initial pavement. There are two 
schools on the subject, and it does make some difference in the design 
calculations. 

But our present recommendation is to consider them as acting as 
independent slabs, so that it is not necessary under those circumstances 
to secure a bond between the two pavements. 

Tn another area of thin resurfacing, we are using a bonding process. 

Mr. Courtney. Then the state of the art at the present time repre- 
sents a difference of opinion as to how you should overlay. 

Mr. Kennepy. Yes, but in either case there is a well accepted design 
method 

Mr. Courtney. Whichever method you follow. 

Mr. Kennepy. Yes. 

Mr. Courtney. Is that it? 

Mr. Anperson. Whichever method is used. 

Mr. Ray. It depends on economy, which type of method is used 
normally. 

Mr. Courtney. Well, I have in mind the overlay at Selfridge Field, 
which is an important base. 

Mr. Anverson. That is what we call a thin bonded overlay, and the 
restoration of surface and not of beefing up. 

Mr. Courtney. In other words, the failure or the distress, if you 
please, at Selfridge was a surface failure? 

Mr. Anverson . That is correct, sir. 

Mr. Courtney. Spalling and breaking of the surface. 

Mr. Annerson. Of the surface. 

Mr. Courtney. That was done, as I understand it, by roughing 
the surface and etching it with acid and then applying your overlay ? 

Mr. Anverson. That is correct. 

Mr. Courtney. And the cost of that was something like $3.49 a 
square yard; is that right? 

Mr. Anverson. In that initial contract, that is correct, sir. That 
was the first contract let to that type of work. 

Mr. Courtney. How about the second contract? 

Mr. Anperson. That hasn’t been let yet. 

Mr. Courtney. Has not been let? 

Mr. Anprerson. Yes. 

Mr. Courtney. So you have only one price experience. 

Mr. Anverson. The other experiments that have been in that type 
of pavement construction have been done under what I call a day- 
labor method on account of the newness of some of the features in the 
construction. You mentioned the acid, for example. 

Mr. Courtney. Yes. 

Mr. Anverson. A lot of people were scared of the acid. At a cost 
of 25 cents a square yard they started with, to etch that surface with 
acid. Now, we reduced it to somewhere around 5 or 6 cents. 

Mr. Courtney. To 5 or 6 cents. 

Mr. Anperson. Yes; that is where we are on the etching process. 

Mr. Kennepy. I think this goes into another area that the com- 
mittee has been concerned with in its previous witnesses, and that 
is the fact that on this Selfridge Field job the association was called 
into consultation by the Air Force. Mr. Anderson, I am sure, con- 





aA 


th tet 


AIRSTRIP PAVING. MATERIALS 2169 


tributed greatly from his years of experience in this field, and our 
Mr. Westall was resident on the job. We enjoyed our engineerin 

relationship with the corps and the Air Force in pioneer work o 

that kind. Selfridge Field, of course, is a World War I field, and 
the large apron area, I think, was built during World War II or 
before. 

Mr. Anperson. During World War II, part of the apron area, 
and part of the area covered, was an old runway built some thirty- 
odd years ago. 

Mr. Kennepy. Yes. That is a very interesting point. That 30- 
year-old runway was covered with a thin resurfacing. 

Mr. Courtney. Now, of course—has that reached the point where 
you can say you have perfected a design and a method rae will be 
serviceable for a long period of time? 

Mr. Kennepy. No. 

Mr. Courtney. This is an experimental 

Mr. Kennepy. It is experimental. But Mr. Anderson has brought 
this art forward very rapidly in the last 3 or 4 years, particularly on 
some paving in Iowa and in Pennsylvania. 

Mr, Gavin. What part of Lowa? 

Mr. Anverson. Burlington. 

Mr. Kennepy. Burlington, Iowa. 

Mr. CunnineHAM. That is not in Iowa. That is in the Mississippi 
River. 

Mr. Courtney. I have another question. I presume it is Mr. Ander- 
son. That is with respect to the other type of beefing up, the heavier 
slab where you are not concerned with the bind. Do you have some 
experience and some cost data on that? 

Mr. Anperson. We have long experience from actual projects in 
service and from 

Mr. Courtney. I am thinking of airfields now. 

Mr. Anperson. Yes, sir. 

Mr. Courtney. Military airfields. 

Mr. Anverson. That is right. We also have the benefit of research 
work that has been conducted by the Corps of Engineers laboratory 
at Cincinnati. 

Mr. CourtNey. Now, this, of course, is for structural additions, 
isn’t that right—for strength ? 

Mr. Anperson. That would be for strength. 

Mr. Courtney. For strength. 

Mr. Anperson. May I elucidate just a little bit, Mr. Courtney ? 

Mr. Courtney. Yes, sir. 

Mr. Anperson. Mr. Kennedy said I preferred not to bond in that 
particular case. We have formula or methods of design, where that 
new beefing up is bonded or unbonded. Is that clear? 

Mr. Courtney. Yes, sir. 

Mr. Anperson. In other words, the thickness surface. We have 
this matter of economy and matter of the condition of the old pavement 
involved in each case. 

Mr. Courtney. As to which method is the more economical ? 

Mr. Anperson. That is correct, sir. 

Mr. Kennepy. Mr. Ray would like to add something. 

Mr. Ray. I might point out, on that, that during World War II, 
three very large airfields which had been designed as training bases 
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were up to a bomber criteria, and they were resurfaced with concrete 
during World War II to carry B-29’s and so forth, and those are still 
in service with their second surface. One is at Fort Wayne, Ind., one 
at Louisville, and one at Alexandria, La. 

Mr. Courtney. Yes. What design method was followed? 

Mr. Ray. That was the unbonded resurfacing. They came in witha 
second layer. 

Mr. Courtney. They came in with a second layer ? 

Mr. Ray. That. means the original pavement was about 6 inches 
and the overlay was about 6 inches, in that vicinity. They are doing 
very well today. 

Mr. Kennepy. That is standard, accepted engineering practice. 
That is not in the experimental period at all. 

Mr. Courtney. Then, let me ask you this question. I take it from 
what you say now—correct me if I am wrong—the old method of 
overlay is an accepted practice. The method at Selfridge is still in 
the experimental stage; is that correct? 

Mr. Anpverson. That is correct. 

Mr. Kennepy. Yes. 

Mr. Courtney. Now, in the case of the overlay, without bond or 
with bond, as the case may be, what experience have you had on costs 
en that? 

Mr. Anperson. Well, as Mr. Kennedy pointed out, the costs in- 
volved are generally those of the cubic-yard costs that would prevail 
at that location. 

Mr. Courtney. Yes. 

Mr. Anverson. For the surfacing. 

Mr. Courtney. For new paving. 

Mr. Anperson. For the new paving on top; that is, the top layer. 

Mr. Kennepy. Yes. 

Mr. Courrney. Would the costs be the same as new paving of the 
equivalent thickness ¢ 

Mr. Anverson. Thickness; that would be correct, sir. 

Mr. Ray. Less. 

Mr. Anverson. Probably a little bit less because of one thing, and 
that is because you have the old surface to operate on 

Mr. Courtney. You don’t have to worry about your subgrade; is 
that it? 

Mr. Anpverson. That is right. 

Mr. Courtney. Is that the difference? 

Mr. Anverson. Yes; that is the difference. 

Mr. Kennepy. That is the difference. 

Mr. Courtney. Mr. Chairman, I think that is all. 

Mr. Héserr. I have another question I want to ask Mr. Kennedy. 
To what extent did you or your representatives participate in the 
Kelly test ? 

Mr. Kennepy. We were not present at the Kelly test. 

Mr. Anperson. We have periodical inspection of the tests. 

Mr. Kennepy. May I ask Mr. Ray to comment. 

Mr. Héserr. Yes. 

Mr. Ray. I may say we didn’t participate in any way in the setting 
of the test or the conduct of the test. After we were advised that such 
a test was being held we made periodic visits; I believe altogether may- 
be 5 times. We went down and spent a couple of hours on the job 
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watching the testing procedure and observing the pavements. We 
weren’t there during the construction of the concrete and we weren’t 
there at the time the test ended, but we did observe what was going on. 

Mr. Héeertr. Did you have any suggestions or any participation in 
the designing of the concrete for the test ? 

Mr. Ray. No, sir. We have worked with the Corps of Engineers, 
with their design people at the rigid-pavement laboratory, and we 
are familiar with their design procedures. We have great confidence 
in their design methods. They checked very well with our own recom- 
mendations for designs. So we had no question. 

Mr. Héverr. Before the actual construction at Kelly took place, did 
you confer or participate with the engineers as to the type of design ? 

Mr. Ray. No, sir. They told us that there was a test and it would 
be designed by their latest criteria, but we didn’t question—we had no 
questions on it. We accepted their design criteria as being adequate. 
We weren't asked to contribute. 

Mr. Héxert. You merely went there on several occasions as ob- 
servers ? 

Mr. Ray. As observers, yes, sir. 

Mr. Héeerr. I think that is all, Mr. Courtney. 

Thank you, gentlemen, very much. 

Mr. Gavin. May I ask a question? What do you think of the Kelly 
test ? 

Mr. Kennepy. Well, as Mr. Hébert very properly pointed out, you 
have had a great deal of testimony before the committee. The ques- 
tion has been raised as to the design of the asphalt surface involved. I 
think that we are hardly in a position to give you a sound opinion on 
that Kelly test. 

Mr. Gavin. Well, you heard the testimony the other day about the 
accelerated tests, where they were back and forth, which wouldn't be 
comparable to the method in which a field would be used. There is one 
feature of it. What do you think about that? That didn’t impress 
me as being the right approach to a test. It wouldn’t be comparable 
to a test of a plane on a field. Here they take the Kelly test and go 
over it continuously, which is not indicative of the operation of a plane 
on a field. What do you think of that feature of it? 

Mr. Kennepy. Well, in the engineering science the accelerated test 
is quite a common procedure. Just now under congressional direc- 
tion, under the Roads Committee, you are conducting an accelerated 
test to both types of pavements at what we call the national test road. 

Mr. Gavin. That wouldn’t be comparable to an airfield, a highway. 
Because you do have acceleration on a highway, but you don’t have it 
on an airbase. Why wouldn’t your engineers design that test that 
would be comparable to the conditions that were going to take place 
on an airbase and not on a highway? You haven’t planes going over 
an airbase the same as you have over the Pennsylvania turnpike. 
I just wondered what you thought—whether that was the right 
approach or not. 

Mr. Kennepy. I think if you will permit me, Mr. Gavin, I am going 
to ask Mr. Ray to make a few comments on that situation ? 

Mr. Gavin. All right; make them. 

Mr. Ray. Accelerated traffic tests have been an accepted method of 
evaluating designs 
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Mr. Gavin. I don’t care whether they are accepted or not. They 
are not comparable. That is what I am getting at. 

Mr. Ray. Sir, if we didn’t do that, we would have to wait 25 years 
or something to find out how this performance was going to stack up. 
So an accelerated test is a severe test. 

Mr. Gavin. Yes. 

Mr. Ray. But it is severe on both pavements. It is just as severe 
on the concrete, to accelerate that traffic in 2 months, as it is on the 
other type pavement. Also concrete normally in a 25-year life con- 
tinues to gain strength and we lose that in the accelerated test. 

But we feel an accelerated test is one method of evaluating design 
methods. It has been used for quite a while by the Corps of Engi- 
neers and by many other pavement-building agencies. We feel it is 
a fair method of evaluating pavements. 

Mr. Gavin. Well, I thought that the gentleman said the other day 
that in his opinion it was not the true test to give to both rigid and 
flexible—the accelerated test. Whether or not it is fair, I don’t know. 
It doesn’t appear to me as though it would be fair. The acceleration 
that you get on a highway is not the acceleration you get on an air- 
base. You certainly wouldn’t be running B-52’s up and down and 
up and down. 

Mr. Ray. I don’t believe that is what Mr. Kennedy contended. 
He was just stating that has been a method of evaluating highway 
designs for many years. They do the same thing on a highway test. 
They put traffic that may normally occur in 20 years, in 1 year, by 
running them closer together. 

Mr. Kennepy. Let me call your attention to another item that is 
not parallel to an air test. 

In an accelerated highway test, where in 1 year we pass over the 
road the number of velicles that may occur in 20 years, we lose the 
factor of weather entirely, and weathering influences affect all pave- 
ment. So to that extent accelerated tests aren’t exact reproductions 
of full-scale longevity testing. 

Mr. Gavin. Because of weather? 

Mr. Kennepy. Nevertheless, Mr. Gavin, the accelerated test prop- 
erly done is an accepted engineering procedure. 

In the case of the Kelly test, I think that our own observation of 
the work of the Corps of Engineers indicates that that would be 
considered valid in engineering circles. 

Mr. Gavin. Well, now, in view of the fact, Mr. Chairman, there is 
some question about the test. I think we ought to hear from the 
United States Corps of Engineers. 

Mr. Hess. Yes. 

Mr. Gavin. What they intend to do in the way of further study 
and what further tests they are going to develop, so we can get some 
idea. 

Mr. Hésert. The comittee plans to hear the engineers again, Mr. 
Gavin. 

Mr. Gavin. You do? 

Mr. Hépert. Thank you, gentlemen, very much. 

Mr. Kennepy. Thank you. 

Mr. Courtney. Mr. Chairman, I have to say to the witnesses that 
we will reproduce as many of your exhibits as the Government Print- 
ing Office will print. 


AIRSTRIP PAVING MATERIALS 2173 


Mr. Kennepy. That is correct. 

Mr. Courtney. There are some restrictions on that. I am not sure 
all of them can be reproduced. But if there is any omission, it will be 
the judgment of the Printing Office. 

Mr. Kennepy. All right. 

May I thank the committee for their courtesy to us. 

Mr. Heszert. Thank you for coming in, Mr. Kennedy. 

The next witness, Mr. Courtney. 

wr. Courtney. May we have the Bituminous Concrete Association 
here ? 

The contractors association in the order in which you are going to 
talk. 

Mr. Hézertr. The committee will be in order, please. 

Mr. Courtney. Mr. Chairman, we have Mr. Sheldon G. Hayes, 
who is president of the National Bituminous Concrete Association 
here, along with several representatives of that association. 

Mr. Hayes is here, and has a prepared statement, Mr. Chairman. 

Mr. Hésert. Mr. Hayes, you may proceed. 


TESTIMONY OF SHELDON G. HAYES, PRESIDENT, AND H. K. 
GRIFFITH, EXECUTIVE DIRECTOR, NATIONAL BITUMINOUS 
CONCRETE ASSOCIATION 


Mr. Hayes. Mr. Chairman and members of the committee, my name 
is Sheldon G. Hayes, and I am president of the National Bituminous 
Concrete Association, with offices here in Washington. 

I am also the president of my own paving company in Detroit, and 


have constructed flexible pavements of asphaltic concrete for over 30 
years. 

First, let me express my thanks for the invitation to come before 
the committee and acquaint the subcommittee with our members’ ex- 
perience in asphaltic concrete construction for airfields. 

The National Bituminous Concrete Association is a national, non- 
profit organization, voluntarily supported by its 400 members and 90 
percent of whom are contractors. ‘They have no commitments to use 
any particular product, material, or technique, and many of them 
built both asphaltic concrete and portland cement pavements, 

Their one purpose, to build the best and most durable pavements 
at the lowest cost, does not allow them to be committed to any industry 
or construction method. 

The association is in no way engaged in the manufacture, pricing, 
or sale of asphalt or aggregates. 

_ It supports and coordinates the work of its members and contractors 
in every State. 

The association disseminates information about asphalt concrete 
and upgrades paving standards, so the public benefits from better 
and more economically built pavements. 

Asphalt concrete pavements have demonstrated their superior serv- 
iceability, durability, and economy for over 25 years at all types of 
military and civil airports throughout the world. 

There are over 1,500 experienced contractors in the United States 
who have the most modern construction equipment and skilled per- 
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sonnel. They’re equipped to build whatever type of heavy-duty 
modern airport pavement the Department of Defense specifies. 

These men are in constant touch with the latest techniques and 
machinery all over the country. As a result, they incorporate the 
latest advances into their work. 

We do not presume to question the Armed Forces’ needs in provid- 
ing maximum security for our Nation. We feel, however, that this 
need can be more economically provided. The 1954 criteria as estab- 
lished by this committee and agreed to by the Air Force, for military 
airfield pavement, is the proper one to abide by. It is sound both from 
engineering and economy standpoints. 

As their president, I can express the members’ feeling by saying 
that they ask for no preferential treatment or special dispensation— 
rather, for the opportunity to bid oe ey on public works proj- 
ects. By not arbitrarily excluding them from future projects, the 
Government will be able to realize considerable savings—often as much 
as-50 percent in its airport pavement construction. 

A number of my associates, Messers, John W. Kelly, H. S. Kerr, 
A. J. Kavanaugh, are not present today but we had their paper, and 
would like to get permission to have it entered in the record, and 
H. K. Griffith and Byron Shumacher, who are present. These men 
have spent most of their lives in paving both with asphalt concrete 
and portland cement concrete. They have just visited seven SAC 
bases: Loring, Dow, Pinecastle, Homestead, Lockbourne, Altus, and 
Tinker, as well as many other airfields. They will give you eyewitness 
accounts of how asphalt concrete pavements are standing up. 

Mr. Hésert. Do you care to have any of these gentlemen testify 
now, Mr. Hayes? 

Mr. Hayes. Well 

Mr. Courtney. Mr. Griffith. 

Mr. Hayes. I will turn it over to Mr. Griffith, Mr. Chairman. 

Mr. Heserr. Mr. Griffith. 

Mr. GrirrirH. Shall I proceed ? 

Mr. Courtney. Yes. 

Mr. Chairman, Mr. Griffith has a prepared statement. 

Mr. Héverr. Proceed, Mr. Griffith. 

Mr. GrirritH. Mr. Chairman, first, let me say that I, too, appreciate 
the opportunity of appearing before this committee, and assisting 
with developing information the committee may find of interest in 
considering the problem at hand. 

We also appreciate the courtesies extended to us by the committee 
staff. 

I have a prepared statement that I should like to enter into the 
record, with two corrections. 

On page 5, the first line of the second paragraph, where it says “as 
an example, today’s wheel load,” I would like that changed to “gear 
load.” 

Mr. Courtney. Gear ? 

Mr. Grirriru. Yes, sir. 

Mr. Hevert. “Gear” instead of “wheel.” 

And on page 14, at the very end of the statement, I would like to 
make the following correction. 
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These are shown on pages M 1-1 to M 1-10, of the NBCA’s presentation, titled 
“Facts Show Asphalt Can Take It.” 

Now in your possession 

Mr. Fogo. You are adding that? 

Mr. Grirritu. Yes, sir. 

Mr. Brooxs. What page is that ? 

Mr. Foco. That is being added. 

Mr. Courrney. That is being added as a last sentence, Mr. Chair- 
man. 

Now, Mr. Chairman, in addition to the statement, there is another 
document which the association has distributed to the members. All 
of them have the title “Facts Show Asphalt Can Take It.” That, Mr. 
Griffith, is part of of your presentation, and you desire to have it made 
a part of the record ? 

Mr. Grirritu. Correct, sir. 

Mr. Courrney. With the same reservations, Mr. Griffith, as to the 
pictures and designs. So many of them as the Printing Office can 
reproduce will be reproduced and the others we will just have to live 
with. 

Mr. GrirritH. We understand, sir. 

And that document 

Mr. Courtney. Or live without, I should say. 

Mr. GrirritH. That document, which you have, is the first phase of 
three of our presentations. 

Mr. Courtney. Very good. 

Mr. Grirrira. And it well documents our case. 

(The volume referred to is as follows :) 








Facts SHow AspHatt Can Take It 


(National Bituminous Concrete Association, Inc., Washington, D. C.. June 1957) 


DEFINITION OF PAVEMENT TYPES 


There are two principal types of pavement in use today for all airports and 
highway uses. In engineering terminology, they are referred to as flexible and 
rigid pavements. 

Flexible pavements consist of one or more layers of aggregate varying in 
thickness placed on an approved subgrade foundation. Covering this is a bitu- 
minous layer composed of two or more courses—each a few inches in thick- 
ness. In 98 percent of the cases this material is asphalt concrete. Cther types 
of bituminous material may be used for this covering layer. 

Rigid pavements are of portland cement concrete construction. The con- 
crete slab is supported on subsoil over which there may be a subbase of ag- 
gregate (recently added to specifications) or other granular material. It may 
or may not contain steel reinforcement with joints at appropriate intervals to 
provide for expansion and contraction and/or to control cracking. 

In this presentation : 

Flexible pavements are referred to as asphalt concrete. 
Rigid pavements are referred to as portland cement concrete. 

Typical cross sections of each type are shown on the following page. 
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Taxiway Strip 


25'-0" Min, 
30'-0"' Max, 












Surface Course l, 5"' 
Binder Course: 2.5" 


Surface Cours 1,5" 
Binder Course 3, 5" 

2 Courses 2" & 1,5" 
Base & Subbase Courses 


TYPICAL FLEXIBLE PAVEMENT 


Taxiway Strip 





Transition Uniform Thickened Transition 
Section Section Section 


a— Variable 1.5% 


1.5% 


TYPICAL RIGID PAVEMENT 


TYPICAL PAVEMENT SECTIONS 
FOR CHANNELIZED TRAFFIC AREAS 


Corps of Engineers Interim Criteria May 3, 1955 
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ASPHALT PAVEMENTS ARE SERVICEABLE, STRONG, AND DURABLE 


Approximately half of our Air Force pavements within the continental United 
States and overseas are of asphalt concrete construction. They’re suited to 
every traffic condition because of their durability, serviceability, and economy. 

Subjected to much heavier loads than they were designed for, millions of 
square yards of asphalt concrete pavement are serving all over the world. 
They’ve been built for much less than any other type of pavement would have 
cost. 

Every year countless square miles of pavements are resurfaced and strength- 
ened with asphalt concrete. Were it not for the ease with which asphalt can 
strengthen and resurface pavements, our maintenance costs on military air- 
fields would be so much greater than they are now. Portland cement con- 
erete pavements which have spalled or failed would have to be either com- 
pletely removed and replaced or overlaid with another pavement at great ex- 
pense. When a new layer of portland cement concrete is placed over the old 
surface, it frequently is much thicker than the pavement on which it rests. 

Not so with asphalt concrete. Usually, only a few inches added to most 
any pavement which has suitable construction beneath it, produce a durable, 
smooth surface. 

The finished job is comparable to a new pavement in all respects. Many 
a runway has been strengthened and made serviceable by this method, at a 
small fraction of what a new pavement would cost. 

This outstanding asphalt concrete advantage explains its wide usage in air- 
port and highway work. Properly designed, asphalt concrete pavements have 
a long life and require little maintenance. 

At the Hess hearings it was conclusively established that asphalt concrete 
pavements were serving under conditions far more taxing than they were 
designed for. Only the question of an unfavorable price differential was con- 
sidered at the time. 

In some instances, where the two types of pavements have been placed side 
by side and subjected to jet blast under actual operating conditions for many 
years, as they have been at Sherman Field (Pensacola Naval Air Training 
Station), there has been practically no difference in performance between either 
type of material. However, the asphalt pavement was built at much less cost. 


ASPHALT HAS BEEN SERVING FOR OVER 25 YEARS—0O. K.’D BY MILITARY, ENGINEERING, 
AND CIVILIAN USERS 


General Washbourne clearly stated in a discussion with Congressman Charles 
P. Nelson, during the Hess hearings, that asphalt concrete pavements could 
stand up under military operation. 

“And if they are designed to take care of that (any) airplane, each one of 
them is suitable, except for blast damage and fuel spillage.” 

General Washbourne said: “As far as I know the flexible (asphalt concrete) 
pavement and the rigid (portland cement concrete) pavement can both be 
designed to carry the weight, whatever it turns out to be.” 

General Washbourne furnished a breakdown of the areas at 88 Air Force 
bases within the continental United States. On runways there were: 

21,973,000 square yards of asphalt concrete. 
14,528,000 square yards of portland cement concrete. 


Asphalt led by 3 to 2 over portland cement concrete 


How engineers and airport officials judge asphalt paving can be seen by their 
overwhelming preference for this material in their choice of asphalt paving for 
7 out of 10 of the United States major airports: 

Chicago’s Midway, New York’s LaGuardia, Washington’s National, Los Angeles’ 
International, Atlanta’s Municipal, Miami’s International, and Albuquerque’s 
airports are surfaced with asphalt. The engineers and public-works officials 
preferred asphalt pavements for heavy aircraft traffic. Recently, New Orleans’ 
Moisant Airport was resurfaced with asphalt. 

Chicago’s asphalt-surfaced Midway, the busiest airport in the United States, 
has been used by 67 million passengers during its 28 years of operation. Ex- 
eluding local traffic, the Civil Aeronautics Administration’s figures listed 366,079 
flights during 1956. Two of Midway’s taxiways are slated for strengthening 
this year by overlaying with 2%4 inches of asphalt hot-mix which will modernize 
the runways for the heavier DC-7’s. Asphalt’s flexibility is especially im- 
portant to the fast-changing aircraft industry. 
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The wide usage and satisfactory service of asphalt attest to its suitability 
for military paving. The degree to which asphalt has been used by the Air 
Force was brought out by General Washbourne at the Pavements Maintenance 
Conference held in May 1956 at Colorado Springs: 

“The yardage laid by the Air Force during its expansion program from 1950 
to 1955 was approximately 50-50: that is, half rigid (portland cement concrete) 
and half flexible (asphalt concrete).” 

Mr. Paul T. Sutton, pavements engineer of the Air Proving Ground Command 
of the Air Force, gave reasons for his preference for asphalt concrete for 
military airfield pavements. He discussed both types of concrete at the Pave- 
ments Maintenance Conference. Here are the main points he made: 

Asphalt concrete can withstand jet blast and fuel spillage if proper 
materials and good construction are used. 

Portland cement pavements have a continuous joint (maintenance) prob- 
lem and are very costly to repair in case of failure. 

The uncertainty of future aircraft weights and wheel loads makes asphalt 
concrete desirable for pavements as they can be economically and rapidly 
strengthened. 

Portland cement concrete slabs tend to warp when they are thick, from 
the internal stresses resulting from temperature differences between top 
and bottom surfaces. If portland cement concrete is used for channelized 
traffic in some areas, these slabs will be more than 2 feet thick. Warping 
of the portland cement concrete may produce an uneven surface and erack 
the slab. 

Mr. Sutton’s statements are repeated for their full engineering significance: 

“* * * T am very well satisfied with this arrangement. As far as I have 
ever seen, asphalt concrete pavements, subjected to moving traffic only, have 
held up excellently except in a few cases of improper design or where proper 
control was not exercised during construction.” 

“The problem, inherent in rigid-type pavements of joint maintenance is elimi- 
nated as is the prospect of facing what could be a very costly project in cases of 
failure * * * (of) the extremely thick slabs (portland cement concrete) now 
required for channelized traffic. If wheel loads are increased still further in the 
future, either from inservice loading or aircraft design, the flexible (asphalt 
concrete) type pavement will lend itself more readily to strengthening to meet 
these additional loads. Then, too, they would be more economical to repair in 
cases of pavement failure due to overloading.” 

“If it is decided to construct runways using a rigid (portland cement con- 
erete) pavement, certain localities, having soils with a low “k” value and 
aggregates producing a low flexural strength concrete, will have pavement 
thicknesses exceeding 2 feet in the channelized areas, assuming that present 
design methods are followed.” 

Mr. Sutton continued : “These extremely thick slabs are going to present prob- 
lems due to internal stresses set up from warping caused by temperature differ- 
ential of the top and bottom surfaces. To eliminate this problem, as well as to 
effect a possible economy in construction, the traditional concept of rigid (port- 
land cement concrete) pavements as a slab whose strength is increased by adding 
to its thickness might well be discarded in favor of reinforced or prestressed 
sections in the channelized areas.” [Editor’s italic.] 

James T. Pyle, Acting Administrator of the Civil Aeronautics Administra- 
tion, accurately summed up the pavement situation in regard to commercial 
jets at the Jet Age Conference of the Spokane wing of the Air Force Associa- 
tion at Spokane, Wash., in September 1956. 

“Every airport manager is interested in the effect of the heavy jets on his 
runway paving and the paving of his taxiways and runup pads. It may be 
necessary to add to the paving thickness at some airports, particularly if the 
jet transports are heavily loaded. However, the wheels of the new aircraft 
are widely spaced so that they spread the weight over large areas of pavement 
and the runway problem, from a load-bearing standpoint, does not appear to 
present us with any immediate crisis. 

“The effect of jet blast and spilled fuel on paving is something which we are 
investigating carefully since we are deeply concerned with both new and existing 
construction. From what we have learned to date, it does not appear that 
either the blast or an occasional bit of spillage is going to do any great amount 
of damage.” 
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Asphalt pavements on both military and civilian airports have withstood 
every type of service condition. Some examples, as observed by engineers and 
contractors in the paving industry are listed below : 

From H. S. Kerr, vice president, H. B. Zachry Co. of San Antonio, Tex.: 

“We have built asphalt concrete (flexible) pavements that are meeting the 
requirements of B-52, B-47, tankers and fighter aircraft at Bergstrom AFB 
and Kelly AFB. These pavements have been standing up under actual traffic 
and have done the job required of them. 

“Our recent inspection of the asphalt concrete pavement placed at Berg- 
strom AFB, Tex., in 1952-53 reveals that the pavement is in perfect condition. 
The runways have given 4 years of service to practically all types of military 
aircraft, most frequently to the F-84F and 84G jetplanes. The tire pressure 
on the F-84F is 300 pounds per square inch and is as high a pressure as is 
used on the larger aircraft. The KB-29 tankers, the B-47, and B-36 aircraft 
have also used this field. 

“There is some evidence of fuel-spillage on the asphalt concrete, but these 
areas show no sign of deterioration or distress from it. 

“There is no indication of any surface maintenance having been required 
during the 4 years Bergstrom AFB had been in service.” 

From Mr. E. J. Woodward, Jr., chief engineer of industrial asphalt of Los 
Angeles, Calif. : 

“Rutiways were resurfaced and new runways and taxiways were constructed 
by Seeley-Miller Contracting Co. in 1951 and 1952 and at the El Toro Marine 
Base in Santa Ana, Calif. Over 300,000 tons of asphalt were used on this job. 

“I personally worked on the mix design, testing and laying down on this 
operation * * * This job has been very successful and was carried out under 
rigid Navy inspection. 

“Air traffic on this field has increased greatly in the last few years, and the 
pavement is still giving excellent results without rutting. Large cargo planes 
land and take off minutes apart, 24 hours a day from this field. The Air Force 
landed one of its largest cargo planes on it the other day to pick up equipment 
and similar types of planes are landing each day. This field has taken a great 
deal of punishment and still the upkeep is relatively small. I visited this field 
regularly and can truthfully say that it is doing an excellent job * * * 

“Civilian airfields also use a great deal of asphalt pavement in this area. 
Most of the fields have about 90 percent of the total landing area covered by 
asphalt paving material.” 

From H. K. Griffith, executive director of the National Bituminous Concrete 
Association, after inspecting three naval airfields at the Pensacola Naval Air 
Training Station, Pensacola, Fla., on April 11, 1957: 

“All three fields have been built of light duty construction and have been 
subjected to extreme use, far beyond what they were designed for. In all 
cases they have withstood a wide variety of traffic with very little maintenance. 

“Sherman Field, Naval Air Training Station, Pensacola, Fla., is a jet field 
designed for 50,000 pound wheel loads with 250 pounds per square inch tire 
pressure. It is being used by jet trainers 40 percent of the time and by prac- 
tically every other type of aircraft. 

“Jets have been blasting away on an asphalt pavement at one end of the 
runway. There has been only very slight damage after years of service. 
This could easily be repaired with a light-duty seal. At the most, 100 square 
yards of pavement would need maintenance. There are 2 runways (6,137 by 
200 and 8,000 by 200 feet), and 2 parallel taxiways. One runway end is 
surfaced with asphalt and the others have 500 foot portland cement concrete 
ends. 

“Both types of pavement have been subjected to jet blast and have withstood 
the same conditions without any appreciable difference. 

“The base was constructed on 12-inch compacted select soil consisting of 
70 percent shell and 30 percent sand. Additional construction consisted of a 
2-inch asphalt base, covered by 1% inches of asphalt concrete for the wearing 
surface. The material used was three-fourths inch blast furnace slag and 
native sand. The job was started in September 1951 and completed in De- 
cember 1953, and has been in use ever since. A seal was applied September 1956.” 

The runways at Sherman Field, Naval Air Training Station, Pensacola, Fla., 
are shown on the following page. At one runway end, where the surfacing is 
asphalt concrete, jets have been blasting away on the surface. Only negligible 
damage has resulted, as has been pointed out. 

Asphalt concrete has served as well as portland cement concrete in this criti- 
cally designated area. 
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From H. K. Griffith’s inspection of— 

“Whiting North Field, Naval Air Training Station, Pensacola, Fla.—This all- 
asphalt field has been in service since 1943 without any maintenance, as far as can 
be determined. In 1953 the pavements were surfaced with a sand-seal coat and 
are still in excellent condition. Jets used the field extensively between 1951 to 
1952. There are 2 asphalt concrete runways (6,000 by 300 feet) and 2 taxiways. 
The original construction consisted of a 6-inch sand-asphalt base mixed in place. 
This was covered with a 114-inch hot-mix sand-asphalt layer and a 2-inch hot-mix 
asphalt-concrete surface in 1945. No portland cement concrete has been used on 
this field at all. 

“South Field, Naval Air Training Station, Pensacola, Fla.—Was built of the 
same construction and about the same time as North Field. In 1947 a 14-inch 
hot-mix, sand-asphalt surface was applied. This was more of a patch job than 
an actual resurfacing. This was followed by a 14-inch hot mix, sand-asphalt 
leveling course, above which is a 1144-inch asphalt-concrete wearing course. Jets 
and P-28 training planes use this field occasionally. This field has withstood 
continuous service and has had very little maintenance since it was built.” 

And here are more asphalt-concrete fields which are standing up— 

Sophly Field, Naval Air Training Station, Pensacola, Fla.—Was surfaced with 
14% inches of asphalt-concrete in 1953. There has been no maintenance on this 
field since, although an estimated $5,000 could be spent on repairs so as to restore 
the pavements to first-class condition. Damages to pavements resulted from 
jets warming up. The damage is small (500 square yards) comprising only 3 per- 
cent of the entire field’s 18,000 square yards. The maximum depth of the dam- 
aged areas is i inch. The field has been in continuous use ever since. 

At the Gore AFB at Great Falls, Mont.—A 7,200-foot runway and a taxiway 
extension were built of asphalt-concrete by McLaughlin, Inc., of Great Falls, 
Mont., in April 1954. Only a very small portion of the aprons were built of port- 
land cement concrete. The Corps of Engineers highly recommended the asphalt 
mix which was used, according to Mr. T. P. Fish of the McLaughlin Construction 
Co., Ine. 

At the Glynco Naval Air Station at Brunswick, Ga.—An 8,000-foot runway 
was surfaced with asphalt-concrete in 1952 and is still serving satisfactorily. 
The work was done by Duval Engineering & Construction Co., Jacksonville, Fla. 

At the Cecil Field, United States Naval Air Station, Jacksonville, Fla.—The 
Duval Engineering & Contracting Co. installed an 8,000-foot asphalt runway with 
concrete ends. The work was performed in 1952, and also in 1956 and 1957. This 
field is standing up satisfactorily under operating conditions. 

At the Naval Air Station, Jacksonville, Fla—The Duval Engineering & Con- 
tracting Co. installed a 6,000-foot asphalt runway in 1952 which is serving satis- 
factorily under all traffic conditions today. 

At the Turner Air Force Base at Albany, Ga.—The Wright Contracting Co., 
Columbus, Ga., installed a 10,000-foot asphalt runway, which has been serving 
satisfactorily under all traffic conditions. The taxiway and aprons are of asphalt 
and portland cement construction. As far as can be determined, no appreciable 
difference can be observed between either type of construction under the same 
operating conditions. The field serves bombers and fighters, according to Mr. 
W. S. Denton of the above-named contracting company. 

At the Moody Air Force Base in Valdosta, Ga.—The Wright Contracting Co., 
of Columbus, Ga., installed an 8,000-foot runway of asphalt-concrete. This field 
has been serving satisfactorily under operating conditions, as indicated by Mr. 
W. S. Denton of this company, and is used largely by fighters. The aprons and 
taxiways are of portland cement construction. 

At the Toledo Municipal Airport, J. T. Kirkby, of the S. EB. Johnson Co., Mau- 
mee, Ohio, says: 

“The city of Toledo, with its own funds a few years ago, constructed a flexible 
type (asphalt-concrete) pavement for commercial and private aircraft which 
has been doing a fine job with little or no maintenance cost for the pavements. 
In fact, I know of no cost at all for pavement maintenance up to this date.” 


ASPHALT CONCRETE PAVEMENTS NOW HANDLING MORE AND HEAVIER TRAFFIC THAN 
ORIGINALLY DESIGNED TO CARRY 


Asphalt concrete can withstand a great deal of overloading and abuse, because 
of its flexible characteristics. After a heavy load is removed, the pavement 
usually springs back to its former position. In cases where permanent damage 
has resulted, the damaged areas have been easily repaired. 
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This construction explains why (flexible) asphalt concrete pavements have been 
so widely used throughout the world; because it is fully recognized that there 
is a continuing change in the requirements for airfield pavements. The entire 
development from very light planes to those of today’s tremendous size and 
weight has takes place in a short time. Wheel loads have increased from 15,000 
pounds in 1946 to 100,000 pounds today. 


Older fields are inadequate for present-day wheel loads and have to be 
strengthened. 


OLD PAVEMENTS STRENGTHENED WITH ASPHALT CONCRETE 


The most practical way of reconstructing old fields for extra strength is to 
resurface with asphalt concrete. This has been done on a very large scale. 

When the resurfacing has been porperly done the results have been uniformly 
excellent—transforming countless thousands of square yards of older surface 
into pavements strong enough to carry today’s aircraft. 

At times, false economies have produced inadequate overlays, using only 
11% inches of asphalt concrete instead of 4 inches or more as is normally required. 
Fields which have received this type of underdesigned surfacing are still standing 
up, nevertheless. 

There have been cases were older pavements have been strengthened with 
asphalt concrete overlays and modernized to handle heavier traffic. This has 
occurred on many asphalt concrete and portland cement concrete pavements. 
Nine AF bases and municipal fields are listed : 

At Chicago’s Midway Airport, Illinois, an extra 2% inches of asphalt concrete 
is being added to two taxiways during 1957, to enable new and heavier DC-—7’s 
to use the field. 

At Geiger AFB, Spokane, Wash., one runway was resurfaced at a cost of 
$100,000 in 1956 by the Gibbons & Reed Co., of Salt Lake City, Utah. The Air 
Force is well pleased with the results. The city plans another $100,000 re- 
surfacing with Civil Aeronautics Authority assistance during 1957. 

At Lockbourne AFB, Ohio, Frank Longabough, sales manager of the Marble 
Cliff Quarries Co. found the field’s asphalt concrete overlay in excellent condi- 
tion. He said: 

“IT inspected the runway at the base (Lockbourne) which has 6 inches of 
asphalt concrete overlay over 8 inches of portland cement concrete for approxi- 
mately 7,000 feet of the total 11,900 foot runway. 

“* * * the original concrete runway had been constructed in 1942 and used until 
1951. The surface was spalling rather badly and the asphalt concrete overlay 
was installed by Shelley & Sands, Inc., * * * 

“Driving over the entire runway as I did, convinced me that it has held up 
in excellent condition. The heavy planes using this base are B-47’s which weigh 
190,000 pounds and land on bicycle landing gear. The base parking apron has 
7 inches of asphalt concrete over the 8-inch portland cement concrete. The 
asphalt runway consists of 4-inch binder and 2-inch surface, plus a cover of 
fine gravel grit * * * 

“You could also see the waterbound macadam extension of the main east- 
west runway at Port Columbus, which was completed about 3 years ago and 
surfaced with asphalt concrete. It is bearing up well with commercial passenger 
and freight planes plus everything manufactured by North American Aviation 
Co’s. jet plant adjacent to Port Columbus.” 

At Fairchild AFB, Spokane, Wash., a 14,000-foot portland cement concrete 
runway and taxiways were overlaid with 4 inches of asphalt concrete by the 
Morrison-Knudson Co., Inc., of Boise, Idaho, in 1956, for $4,797,802. The old 
pavement had deteriorated badly from freezing and thawing. At this field the 
asphalt hardstands and taxiways have served very satisfactorily for approxi- 
mately 10 years. Some slight failures resulted from repeated overloading by 
B-36 aireraft on taxiways. The asphalt pavement has withstood much greater 
loads than it was originally designed for. 

At Scott AFB, Belleville, Tl, S. J. Groves & Sons Co., resurfaced two 9,000 
by 150 foot runways with asphalt concrete in 1955 over deteriorated concrete. 
The asphalt concrete varied in thickness from 4 inches at the edges to 8 inches 
at the center. Not more than 214 inches was placed in each layer. The extent 
of deterioration of the original concrete runways is unknown, but it is believed 
that spalling and general pavement roughness was the reason for resurfacing. 

At Malden AFB, Malden, Mo., two 3,000-foot runways, taxiways, and aprons 
were built of asphalt concrete by the Thompson Asphalt Co. of Madison, Ill., for 


we 
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$100,309. The construction consisted of a 6 inch stabilized base, with a 144 inch 
asphalt wearing surface. 

At Klamath Falls AFB, Klamath Falls, Oreg., a 10,580-foot runway was re- 
surfaced by the Morrison-Knudson Co., Inc., in 1955 and 1956 under contracts 
totaling $2,500,000. Included in the work were new asphalt concrete runway 
extensions, portland cement concrete touchdown areas, asphalt concrete taxi- 
ways and a tar-rubber overlay on parking apron. The field is now used by the 
United Air Lines and West Coast Airlines. Eventually it will become an Air 
Force base. 

At Brookley AFB, Mobile, Ala., a 4-inch overlay of asphalt concrete was 
placed on 4,400 feet of a 10-inch runway of portland cement concrete. The 
Farmer Construction Co., Inc., of the same city was awarded the $1,269,947 con- 
tract on March 21, 1957, calling for the widening and strengthening of a run- 
way, taxiway, and warmup pad. 

At the Mansfield Municipal Airport, Mansfield, Ohio (used principally by 
jet trainers), the 6,800-foot runway was resurfaced with 14-inch asphalt con- 
crete because of deterioration in the original slag base course (from chemical 
réaction in the slag which caused small surface ruptures). Since resurfacing, 
the pavements have been in excellent condition. The Mansfield Asphalt Paving 
Co., under a $1,168,682 contract in July-August 1953, performed the resurfacing, 
and constructed a 1,200-foot runway extension and taxiway of asphalt concrete. 

The runway is surfaced with 24-inch asphalt concrete over a 6-inch water- 
bound macadam base. Beneath that there is a 9-inch dry-bound macadam base 
and a 7-inch compacted subgrade. 

The taxiway is surfaced with 2-inch asphalt concrete, under which is a 
6-inch waterbound macadam base. Beneath this is 9-inch dry-bound macadam, 
and underneath that a 12-inch area of compacted subgrade. 

The new construction was supervised by the Corps of Engineers. 


ASPHALT CONCRETE COVERS MILLIONS OF SQUARE YARDS AT SCORES OF MILITARY BASES’ 
CRITICAL AREAS 


The Air Force’s fear that large critical areas paved with asphalt concrete 
would be damaged from jet blast and fuel spillage has failed to materialize. 

Over 15 million square yards of asphalt concrete pavements were in use at 88 
major Air Force bases in the United States from which jets operated in 1954. 
Sixteen of these were of all-portland cement concrete. Four were of all-asphalt 
concrete, and 68 had large areas paved in both materials. 

Compared to portland cement, asphalt concrete was used in: 

Noncritical areas.—50 percent more on primary runways. 

Critical areas.—About half and half on taxiways and warmup pads, and one- 
fourth.as much on aprens, according to figures that General Washbourne gave 
the Hess committee: 








; Asphalt Portland 
Pavement use concrete cement con- 
(square crete (square 
yards) yards) 
Noncritical areas: 
PEt bedi. ches waste beudicnhosdendade satebbet sien hein a naie 21, 973, 706 10, 528, 013 
Aprons eos: chip sucha ch dh aienthceduighaindn dlictei his Saapetlee S SS rind I BOS as FS 1 4, 816, 571 2 18, 112, 636 
Critical areas: Taxiways and warmup pads. __.............-...-.---.-.---..-- 3 10, 908, 424 49, 211, 371 


1 45 Air Force bases. 
280 Air Force bases. 
365 Air Force bases. 
#68 Air Force bases. 








Today, 3 years later, these pavements are still serving satisfactorily on runways 
and in critical areas. 

Experience has shown that when asphalt pavements have been properly de- 
signed, they have withstood continuous and sustained exposure to jet blast and 
fuel spillage with negligible, if any, damage. 

In many cases, no damage at all has taken place and frequently maintenance 
has been entirely absent. 

This has been brought out by an inspection of military and civil airfields by 
engineers and contractors, which has just taken place. Their detailed inspection 
reports are in section I 7. 
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Of particular significance are opinions of such men as: 

Paul T. Sutton, pavements engineer of the Air Proving Ground Command 
at Eglin Air Force Base, Fla. : 

W. J. Turnbull, Chief, Soils Division, Waterways Experiment Station, 
Vicksburg, Miss.; and 

James T. Pyle, Acting Administrator of the Civil Aeronautics Administra- 
tion. 

Talking about asphalt concrete’s ability to serve in critical areas at the pave- 
ments maintenance conference in Colorado, May 1956, Mr. Sutton says: 

‘Damage to asphalt concrete runways from jet blast effect or fuel spillage is 
only slight. The few cases of rutting of bituminous (asphalt) concrete pave- 
ments in the channelized area from bicycle type landing gear, along with some 
surface flushing which has occurred, are the exception which can be eliminated by 
the proper design mix and good control and inspection during construction.” 

Mr. Turnbull, after investigating asphalt concrete’s performance, described 
the material’s performance at the second convention of the National Bituminous 
Concrete Association’s meeting in Chicago, February 1957: 

“Asphalt. concrete mixtures based on 1,500 coverages of accelerated traffic 
have successfully withstood prototype B-—47 traffic. In the case of the several 
fields listed above with flexible (asphalt concrete) pavements which have been 
giving trouble as a result of channelized traffic of B-47 aircraft, no trouble with 
the asphalt concrete has developed except in one instance where the latter did not 
meet design requirements.” [Editor’s italic.] 

Mr. Pyle accurately summed up the pavement situation in regard to commer- 
cial jets at the jet-age conference of the Spokane wing of the Air Force Associa- 
tion, at Spokane, Wash., in September 1956. 

“The effect of jet blast and spilled fuel on paving is something which we are 
investigating carefully since we are deeply concerned with both new and existing 
construction. From what we have learned to date, it does not appear that either 
the blast or an occasional bit of spillage is going to do any great amount of 
damage.” 

An extract from the 1952 symposium on airfield pavements for jet aircraft 
is still valid, according to S. B. Hudson, of Miller-Warden Associates, highway 
consultants, Swarthmore, Pa.: 

“Observations of pavements on airfields used by substantial numbers of jet 
aircraft indicate that the following can be stated as a tentative conclusion: 
Properly designed, well constructed, and adequately maintained dense, graded, 
well compacted bituminous (asphalt) concrete pavements under normal operat- 
ing conditions have not been damaged sufficiently to affect the mission of the 
base. Where such damage has occurred in isolated cases, it can be attributed to 
a deficiency in design and/or construction, or to a lack of good housekeeping 
practice.” 

High-grade, hot-mix asphalt concrete placed under suitable specifications 
seems to stand up excellently under operations—even within critical areas. 

At Bergstrom Air Force Base, Tex., a recent inspection by H. 8S. Kerr, vice 
president of the H. B. Zachry Co. (builder of Bergstrom, Kelly Air Force Bases, 
and other military pavements), reveals that the runway extension and taxiways 
built at this base in 1952-53 of asphalt concrete have withstood fuel spillage with- 

ut any signs of deterioration or any other distress. No maintenance of any 
kind is required after continous use by B-47’s, B-36’s, KB-29 tankers, F—84F’s, 
and F—-84G’s (which have tire pressure of 300 pounds per square inch). 

At Lockbourne Air Force Base, Ohio, Col. Fred A. Spencer, commander of in- 
stallations, says that the runway has been giving excellent service and has been 
performing to everyone's satisfaction. Taxiways and parking aprons were resur- 
faced with 7 inches of asphalt concrete in 1951. Scott A. Baker, executive secre- 
tary of the Michigan Asphalt Paving Association, Inc., of Lansing, Mich., in- 
spected the field on May 8, 1957, and found that the asphalt portion still retains 
its original smoothness and surface texture under continuous channelized B-47 
traffic, and showed no evidence of deformation. 

Aithough exact maintenance records Were not available, investigation of eon- 
ditions at the field'showed that practically no asphalt concrete maintenance has 
been needed, and none is anticipated in the future. By comparison, the portland 
cement concrete areas have required considerable maintenance and major repairs. 
Complete removal and replacement of large disintegrated areas will probably 
be necessary. 

lburing Mr. Baker’s inspection of the base, he was accompanied by Col. Fred 
A. Spencer and Colonel Britton, of the base command; Mr. J. G. King, installa- 
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tions engineer; Mr. John H. Goshorn, division engineer of the Asphalt Institute; 
and Mr. Frank Longabaugh, of the Marble Cliffs Quarry Co., Columbus, Ohio. 

At Sherman Field, naval air training station, Pensacola, Fla. (described on 
p. A 1-10 to A 1-12), jet trainers have used an asphalt concrete runway end 
for years without causing any appreciable damage. On this 2-runway field, 3 
of the runway ends have been portland-cement concrete and 1 has been asphalt 
concrete. Both types of pavement have been subjected to the same jet blast and 
the same operating conditions without showing any appreciable difference in 
serviceability and durability. 

At the Mansfield Municipal Airport, Mansfield, Ohio, an inspection of an 
asphalt-concrete apron in front of the hangar, revealed that the pavement is in 
excellent condition, in spite of fuel spillage and jet blast, according to Richard 
R. Stander, secretary-treasurer of the Mansfield Asphalt Paving Co., of the 
above-named city. On an inspection tour on May 16, 1957, accompanied by Col. 
Albert Line, commander of the 164th Air National Guard Fighter Squadron; 
Fred Swineford, Macadam Pavements, Inc.; Barney Jones, Asphalt Institute 
engineer; R. R. Stander pointed out: 

“Fuel spillage occurs continuously during the operation of Colonel Line’s 
squadron. When the jet planes start up and stop, there is a small discharge 
of fuel onto the pavement. There is also fuel spillage during servicing of the 
aircraft and during routine maintenance operations. In order to avoid concen- 
trating fuel spillage in small areas, the squadron changes the aircraft’s parking 
arrangement from time to time, possibly once a month. There are no places 
where this has caused anything more than a slightly eroded spot, none of which 
has penetrated more than one-fourth to one-half inch below the original surface. 
This apron was built in 1950. The only noticeable effect of jet blast is a spotty 
reaction on the seal coat on parts of the apron surface, without having pene- 
trated into the surface.” 

At McDill AFB, Tampa, Fla., the Birnson, Cone & Manly Co. resurfaced the 
25-foot center of a taxiway with a 3-inch overlay of asphalt concrete, during the 
summer of 1953. The extra load imposed by the B-47 planes using the field neces- 
sitated this strengthening. 

During the summer of 1954 and into 1955, the Cone Bros. Contracting Co., of 
Tampa, Fla., performed two jobs of resurfacing old taxiways. The first job 
consisted of a 3-inch overlay and the second job consisted of widening and resur- 
facing taxiway. These jobs are standing up very well, according to everyone’s 
best knowledge. 

At Loring AFB, Limestone, Maine, a flexible parking apron has been in use 
for the last years, subjected to about every type of aircraft operation that could 
be encountered at a military base. Before portland-cement concrete ends were 
installed about 1 or 2 years ago, the runways were subjected to jet blast and 
warmup common to jet aircraft by every type of plane at this base. There was 
no appreciable sign of damage to the runway. 

At the Dover AFB, Dover, Md., prior to 1954 a large parking and fueling apron 
was installed for aircraft. This apron has serviced almost every kind of pro- 
peller-driven aircraft and is in good condition. Four projects were let, 3 by 
the Corps of Engineers and 1 by the Air Force for asphalt-concrete paving. 
In 1952, 367,000 square yards of flexible pavement were installed by the A. V. 
Williams Co., of Middle River, Md. The construction was a 6-inch dry-bound 
macadam base, over which a 2 to 2%-inch surface of asphalt concrete was 
placed. On June 11, 1954, the same contractor installed another 137,000 square 
yards of pavement on aircraft aprons and service roads. The design of the 
asphalt pavement was the same as in the first case, with the addition of a 
stabilized base in lieu of the dry-bound macadam. 

In one of the most comprehensive analyses of jet blast and fuel spillage on 
asphalt pavements to date, Messrs. W. J. Turnbull and C. R. Foster presented 
a paper at the Jet Age Airfield Conference sponsored by the Air Transport 
Division of the American Society of Civil Engineers. Based on extensive tests 
and studies, Messrs. Turnbull and Foster summarized their findings: 

“(a) Jet blast is critical for hot-mix asphalt concrete pavements only at the 
ends of runways and on aprons where maintenance run-ups are made. The 
effect of jet blast in other areas (taxiways and runways except the ends) is not 
detrimental to hot-mix asphalt concrete pavement. 

“(b) The critical erosion temperatures of bituminous (asphalt) concrete pave- 
ments subjected to heat and blast are in the order of 250° F. for tar, 300° F. 
for asphalt concrete pavements, and 315° F. for rubberized-tar-concrete pave- 
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ments. Pavelnent temperatures developed by most of the United States Air 
Force planes w“perating today are less than 300° IF’. except when afterburners 
are used. 

“(ce) Operation of afterburners with the plane standing still produces high 
temperatures in the pavement and will cause erosion of bituminous (asphalt) 
pavements if continued for any appreciable period of time. 

“(d) Occasiona! spillage of jet fuel on dense, hot-mix asphalt concrete pave- 
ment is not detrimental. Repeated spillage, such as that occurring on parking 
and refueling aprots, is detrimental because the fuel leaches the asphalt cement 
from the aggregate. The areas affected are relatively small. A pavement resist- 
ant to jet fuel is necessary in these areas.” 


ASPHALT CONCRETE CONTINUOUSLY BEING IMPROVED THROUGH RESEARCH 


Although there are no drastic changes in the use and application of asphalt 
concrete to pavements, the science and construction methods are constantly 
being improved to produce better pavements—more economically. 

Machinery manufacturers have also kept pace with these developments and 
have produced equipment which can pave large areas faster—to more exacting 
standards. 

Continuing studies by the Highway Research Board, the individual State 
highway departments, the Asphalt Institute and consulting engineers give prom- 
ise of superior asphalt pavements. 


DURABLE ASPHALT CONCRETE PAVEMENTS BUILT TO EXACTING AIR FORCE AND CORPS 
SPECIFICATIONS 


The Air Force’s installations engineers, acting as its representatives, have 
inspected anc’ recommended acceptance of millions of square yards of asphalt 
concrete pavenents on runways, taxiways, and aprons. 

Contractors using asphalt concrete have conformed to the Air Force’s, the 
Corps’, and the Navy’s specifications before these pavements have been accepted. 
Conformance to specifications is a must, as even the best paving materials may 
present a constant hazard to aircraft, when incorrectly applied. 

Pavements must be flat, smooth, and easy to repair with a minimum of dis- 
ruption to field operations. Paving with asphalt concrete makes possible the 
smooth and flat surfaces required by modern aircraft. 

At Robins Air Force Base, Augusta, Ga., according to the contractor, Henry 
H. Claussen, president of the Claussen-Lawrence Construction Co., of the same 
city : 

“* * * The asphalt checks to closer tolerances (one-eighth inch in 16 feet) 
than the portland cement concrete [runway | ends.” 

Because asphalt concrete is constructed in two or more layers, the top surface 
can be made as flat as necessary. Each layer, in the process of construction, 
may be improved upon and any unevenness corrected by the addition of a 
thin layer. 

Within several hours after construction, asphalt concrete is ready for use. 
Its durability improves with time. Since no warping or shrinking takes place, 
the surface of asphalt concrete remains smooth. 

Shonld settlement of the subhase take place (caused by consolidation of the 
foundation )—which could happen under any surface—the pavement is restored 
to its original evenness and smoothness by planing, even while the airport is in 
use. This heating and reshaping is not possible with other material. 

Restoring asphalt concrete pavements to their original condition has heen 
broucht to a high degree of perfection during the past 25 years. The machine— 
a heater planer—heats the asphalt surface to a workable consisteny, then 
planes it to the desired degree of flatness and smoothness, at hich speed. Upon 
completion, the joint-free pavement presents a continuous ribbon of asphalt 
which is ideal for safe aircraft use. This reconditioning is accomplished with 
minimum interference to airfield operations. There is no need to tear up pave- 
ments, nor is litter of old materials left in the areas. 

If necessary, the runway is cleared of equipment within 2 minutes. After 
planing, the surface is left smooth and equal to its original construction, with- 
out burns or damage. 

At Palm Beach Air Force Base, West Palm Beach, Fla., the Rubin Construc- 
tion Co., of the same city, modernized runways while the base was in operation. 
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In a letter to the Rubin Construction Co., Col. Roy T. Dodge, contracting officer 
of the Corps of Engineers, said: 

“* * * The contract provides that the pavement overlay on existing run- 
ways, phases 1, 2, 3, and 4 be accomplished during the period December 21-31, 
1953, which required operations on a 24-hour-day basis. It also provided that 
the work be accomplished in such a manner as to cause minimum interference 
with operational activities on the airfield. It was therefore necessary that the 
work be well planned and coordinated to eliminate any hazard to personnel 
and equipment. You planned the work in a very satisfactory manner, provided 
the necessary equipment and trained personnel, maintained maximum safety 
precautions and performed the work orderly and efficiently. Your cooperation 
with the resident engineer and his staff and the base commander and his staff 
was very commendable. The result is that a hazardous but urgently needed 
job was completed in the minimum of time to the satisfaction of all con- 
cerned. * * *” 


OVER 1,500 SKILLED ASPHALT CONTRACTORS THROUGHOUT THE UNITED STATES 
EQUIPPED TO PAVE AIRPORTS AND HIGHWAYS ECONOMICALLY 


Contractors who pave with asphalt concrete are many times more numerous 
than those who pave with portland cement concrete. The majority of the 
1,500 asphalt contractors can best be described as “small business.” 

The asphalt contractors’ countrywide distribution and their mobility brings 
bidders out for Government work in large numbers resulting in the lowest 
paving costs. They are listed by States below and geographically shown on 
a United States map on the following page: 


Alabama 38 | Nevada 
Arizona 7| New Hampshire 
0 | ae a So a 10| New Jersey 
California 91| New Mexico 
Colorado 15 r 
Connecticut 
Delaware 
District of Columbia 
Florida 
Oregon 
Pennsylvania 
ON a ics nid cceeriemninel Rhode Island 
Indiana 


ORS 8 Sih ccs dyannidin gee 
Kentucky 
Louisiana 


Virginia 
Washington 
Michigan West Virginia 
Minnesota Wisconsin 
Mississippi Wyoming 
Missouri 
Montana 
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ECONOMIES OF ASPHALT CONCRETE REVEALED THROUGH COMPETITION 


Asphalt concrete’s value shows up in competitive bidding. The economies are 
obvious—as high as 20 to 50 percent of the total cost. 

Time and time again it has been demonstrated that if options are allowed 
in bidding, the Government benefits from the large number of bidders and the 
cost is less—as much as 20 percent in many cases and more in others. This 
amounts to considerable sums when contracts run into the millions—as airfield 
pavement contracts do. 

According to J. Rogers Martin, engineer-manager of the Hot Mix Asphalt 
Concrete Association of Oklahoma, the building of the Davis Air Base at 
Muskogee, Okla., as scheduled for portland cement concrete, could have been 
executed in asphalt concrete by many contractors in Oklahoma at savings of 
at least 10 percent in first cost and subsequent savings in maintenance. 

Many other contracts, listed below could represent savings in the millions of 
dollars. 

The facts are clear—shown by figures in a technical paper by Earle C. Peck, 
supervising civil engineer, headquarters, Technical Training Air Force, at the 
pavements maintenance conference held at Colorado Springs in May 1956. 
Portland cement concrete costs almost twice as much as asphalt concrete for 

heavy-duty pavements and almost 60 percent more for light-duty pavements 

Based on costs of millions of square yards of both heavy- and light-duty pave- 


ments of both types, here are how the costs compare for the period of May 1, 
1953, to June 30, 1954 for— 


Heavy-duty pavements 
Per square 


yard 
Portland cement concrete________------_--_- pag ee tar dkeaeetn a escape ea eae $7. 05 
Asphalt concrete______~- Spores es eget as aro anne ache ig ames ae ~ oto 


Portland cement costs 88 percent more ($3.29) per square yard than asphalt 
concrete 
These costs are for pavements of either material which have been designed 
and constructed to carry the same load—they clearly indicate that asphalt costs 
are lower. Where aggregates for foundations are cheaply available, the savings 
are even greater when asphalt is used. Several dollars per square yard add 
up to huge sums. Here are costs on— 


Light-duty pavements 
Per square 


yard 
RPG CORTICES COMER OG a oa nin een eens ee aii $5. 26 
PRU RGLET, COTO OC ai is citi gsi ices ensign neh linn niea lineal apemiaee 3.3 


Portland cement costs 60 percent more ($1.96) per square yard than asphalt 
concrete 
Mr. Peck revealed some recent paving costs. The older prices, of course, are 
low in comparison with the latest USAF pricing guide which shows the cost 
of— 
Heavy-duty pavements 
Per square 


yard 
ay-inch portiand ceni@nt cOncrete.....2...n.ndiiseninsie tec mnncicainneeinn we $10. 50 
Bephalt concrete... 2s i0ns nk nine enenmaicnonank aeibonataglaaen 6. 50 


Portland cement concrete costs 63 percent ($4) more than asphalt concrete 


Light-duty pavements 
Per square 
yard 
10-inch portiand cement COmenete.... ..ccn nc cede cdo den sagen $8. 50 
Bephalt concrete... cninsndisssanndsaaeeedt nade 5. 50 
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Portland cement concrete costs 55 percent ($3) more than asphalt conerete 


These cost analyses are based on the most complete information, and show 
that: it costs one-third less to build with asphalt concrete today ranging from 
$3.64 to $3.90 per square yard based on 1954 and recent figures. 

These facts were brought out in Brig. Gen. R. E. L. Eaton’s letter to Hon. Carl 
Vinson, chairman, Committee on Armed Services, of June 15, 1953, where he 
stated : 

“During the past 18 months, under this policy (competitive first cost on 2 
pavement types) the Air Force has constructed approximately 60 percent of 
its pavement in the flexible type (asphalt concrete) and 40 percent of the rigid 
type (portland cement concrete). The dollar cost of the two types of pavement 
has been approximately equal.” 

Restated, this amounts to an extra 50 cents on each dollar for portland cement 
concrete. 


ASPHALT PROVEN ECONOMICAL AT 26 AIR FORCE BASES BY THE ASPHALT INSTITUTE AT 
THE HESS HEARINGS 


This fact is amply illustrated by the comprehensive studies conducted by the 
Asphalt Institute, at 26 Air Force bases. 

Use of asphaltic concrete represented savings to the Air Force of over $26 
million on pavement projects, according to estimates and actual bids. This was 
listed in appendix, pages 259-265, of Airstrip Pavement Materials hearings before 
the Subcommittee on Defense Activities of the Committee on Armed Services, 
House of Representatives, 83d Congress, 2d session. 

The figures cover the period from January 1951 to March 1954. Possible 
savings over a longer period of time would easily be many times those shown— 
running well over a hundred million dollars—when the 350 Air Force bases, with 
hundreds of millions of square yards of pavements, are considered. 

The Asphalt Institute’s cost comparison between asphalt concrete and portland 
cement concrete at 26 Air Force bases, are shown in detail on pages Bl-5 through 
Bl-8. 
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2194 AIRSTRIP PAVING MATERIALS 


During the Air Force’s recent pavement program, between 350 to 800 million 
= were at stake at 350 to 400 bases, depending on the pavement material 
choice. 

As brought out in the cost-comparison tables on pages 2191 through 2192, econ- 
omies of $26,111,622 at 26 Air Force bases were traceable to asphalt concrete. 
These figures were based on either actual bids or reliable engineering estimates. 

At one Air Force base, savings amounting to $3 million were realized in using 
asphalt. Average savings of 1 to 2 million dollars at each Air Force base fre- 
quently occur. 

On some bases there were overexpenditures from the exclusion of asphalt—at 
others, economies through its use. 

At the Plattsburg Air Force Base, N. Y., an overexpenditure of $2 million 
resulted because portland-cement concrete was used, instead of asphalt which was 
cheaper. The portland-cement concrete was $6.07 compared to $3.73 per square 
yard for asphalt concrete. 


















































Portland-cement concrete cost 63 percent more ($2.34 per square yard) than asphalt 
concrete at the Platitsburg Air Force Base 

At the Homestead Air Foree Base, Fla., savings amounted to $3 million 
(as brought out at the Hess hearings), through the use of asphalt. 

A recent cost comparison at Dow Air Force Base, Maine, shows the difference 
in price between the two pavement materials for a new runway. An asphalt- 
concrete contract was renegotiated in favor of portland-cement concrete at 
$2,964,401 extra. 

Large economies are possible at the Sheppard Air Force Base runway at Wichita 
Falls, Tex., according to J. Rogers Martin, engineer-manager of the Hot-Mix 
Asphalt Concrete Association of Oklahoma, Inc. 

‘“* * * Changing the present 2-foot thick (portland-cement concrete design to 
a 4-foot asphalt) design would result in savings from $2 million to $3 million. 

‘‘* * * We in the asphalt-concrete contracting industry stand on the record of 
proven adequacy of asphalt-concrete pavements. The Corps of Engineers can 
design, and we can build this runway of asphalt concrete to perform at least as 
oe as a portland-cement concrete pavement, and at 10 to 20 percent 
ess cost. 




























































OLD PAVEMENTS BEEFED UP WITH ASPHALT CONCRETE—COSTS ARE FRACTION 
OF NEW CONSTRUCTION 








If the cost advantages for asphalt concrete are impressive in new construction, 
they are indeed spectacular for resurfacing and strengthening old pavements. 

You can’t keep surfaces from wearing. In addition, new aircraft and equip- 
ment impose heavier loads upon the pavements than they were built to with- 
stand, making modernization necessary. As an example, the design wheel loads 
during 1946 were 15,000 pounds and are 100,000 pounds now. Climatic changes 
and chemicals also add their toll to pavement deterioration and necessitate 
resurfacing—to obtain smooth surfaces. 

Asphalt is the natural material for modernizing pavements. A very expensive 
and long-duration job is required if portland cement concrete is used. Hither 
the old pavement has to be completely removed and replaced, or a new portland 
cement concrete slab placed above the old. Frequently this overlay is thicker 
than the original pavement, and costs more. 

Not so with asphalt concrete. The cost is very small for resurfacing an old 
pavement—just a fraction of a new one. 

Actual costs for resurfacing two Air Force bases with asphalt concrete were 
brought out by J. Rogers Martin of the Hot Mix Asphalt Concrete Association 
of Oklahoma. 

“For the repair of an extensive failure of an old base at Tinker and Altus Air 
Force Bases, $1144 million would be required for asphalt concrete compared to a 
$5 million portland cement concrete slab.” 

Faulty construction at Pinecastle Air Force Base required the reconditioning 
of the east runway. Under a $171,287 contract for proof-rolling, subgrade sta- 
bilization and resurfacing two 20- by 200-foot strips, this asphalt-concrete 
way is being compacted and strengthened without interfering with present oper- 
ations. This is a small sum for restoring an improperly built runway (caused 
by uncompacted subsoil). The average cost was $1.24 per square yard. 

The difference in repair costs is demonstrated by noting price of repairing 
a small portion of portland cement pavement at the Mountain View Air Force 


































































































—-m F&F AP 


ear 


l- 


Sea Oo ® 


— 


® 





AIRSTRIP PAVING MATERIALS 2195 


Base, Colo. Replacing and repairing 8,473 square yards of overloaded pavement 
cost $125,000—an average cost of $14.90 per square yard. 

Compare this with the asphalt concrete at the same base. The 125 square 
yards were repaired for $500—and average cost of $4 per square yard. 

It cost four times as much to restore the portland cement at Mountain View 
Air Force Base as it cost to restore the asphalt concrete. 

A recent example shows the cost of a thin experimental portland cement con- 
crete overlay at Selfridge Air Force Base at Mount Clemens, Mich. This mod- 
ernization of 30,000 square yards, with a 1- to 14-inch thick portland cement 
eoncrete overlay cost $3.49 per square yard. The usual portland cement con- 
crete overlay is much thicker and, of course, many times more expensive. 

Many new asphalt-concrete pavements have been built from the ground up for 
prices within this range. 





ASPHALT-CONCRETE COMPETITION KEEPS PAVING COSTS DOWN 


What would happen to airport paving prices if there were no asphalt-concrete 
competition, was stated at the 1954 hearings of the Subcommittee of Defense 
Activities by Congressmuu Charics P. Nelsor’s questioning of General Wash- 
bourne: 

“General, suppose the Air Force, as you indicate you might like to do, should 
specify that nothing but concrete be used in Air Force pavements, what do you 
expect would happen to the price of concrete?” 

General WASHBOURNE: “I think the concrete people, contractors, would be 
smart enough to realize that competition had been lessened, and they might 
take a few liberties with their bidding.” 

Mr. Netson: “Competition had been lesened? They wouldn’t have any would 
they?” 

General WASHBOURNE: “Yes, sir.” 

Mr. Hess: “Among themselves.” 

General WASHBOURNE: “These contractors, Mr. Nelson, are in a position to 
offer you anything you want and among themselves they still have to go out 
and get these jobs. I don’t think the nature of the competition would result in 
materially different prices. But I have to agree with you, that if asphalt 
were completely out of the competition, it wouldn’t be quite as sharp.” 

In the State of Oklahoma, there are four times as many contractors who are 
equipped to do asphalt-concrete paving as there are portland cement concrete 
contractors. But recently, contract specifications at Davis Field, Muskogee, 
Okla., kept the local contractors out of the picture. They could not bid, as 
asphalt-concrete options had been omitted from the specifications. 

It is obvious that this technique will drive up paving prices. 

There are over 1,500 skilled and competent contractors throughout the United 
States who are in the asphalt-paving business. In addition to handling paving 
jobs for the Government economically, obtained by competitive bidding, these 
contractors keep down portland cement concrete paving prices. Otherwise, the 
Government would be paying a higher price for its pavements now. 


MAINTENANCE COSTS ARE THE SAME FOR BOTH PAVEMENT TYPES 


Maintenance records at military airports are hard to compare, but it was 
stated at the Hess hearings that both types of pavements cost the same amount 
of money to maintain. The portland cement concrete pavements require con- 
tinuous joint filling, which explains their high maintenance cost. 

This is further brought out by State highway department studies of main- 
tenance costs. Experience from highways is applicable to airfield pavements 
as the heavy and continuous stream of traffic on highways subjects pavements 
to extreme stress. The effect upon the wearing surfaces of each type of 
pavement would be similar. 

The Oklahoma Turnpike Authority studied the problem thoroughly and found 
that maintenance costs for all heavy-duty pavements were very close. Massa- 
chusetts, Pennsylvania, and other States indicated that properly built asphalt 
pavements cost about the same amount to maintain as other types. 

Asphalt has been preferred because of its immediate use which makes high- 
Ways usable as soon as paving is completed. 

It is interesting to note that asphalt is used to maintain and repair portland 
cement concrete pavements. 

Cost figures showing repairs and maintenance at Mountain View AFB, Colo., 
are shown on the following page. 
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ASPHALT CONCRETE INSTALLED FAST, USED IMMEDIATELY WITHOUT DELAY 


Because asphalt concrete can be used within hours after placement, it has 
a tremendous advantage over other pavements which cannot be used for a 
long period of time, as they require curing. Portland cement concrete pave- 
ments have to age 2 to 3 weeks after placement to reach strength. As a result, 
any new construction, repairs, or replacements tie up new airport facilities for 
weeks, even after construction is finished. 


In case of emergency pavement repairs, asphalt concrete would undoubtedly 
be the material used. 

It seems advisable, then, to keep the contractors who make these repairs, 
interested in military airport work and to acquaint them with the specialized 
paving problems involved. In the event of an emergency, they can then put 
their familiarity with military requirements to use immediately. 

Just such an emergency situation, where asphalt contractors performed with 
efficiency and dispatch—to the country’s benefit—was vividly brought out at 
the 1954 Hess hearings by Mr. B. Grey, former Asphalt Institute president. 

“Tt is important to emphasize the part played in the use of asphalt after 
Pearl Harbor, when the country’s desperate situation required immediate 
building of a large number of airfields with hastily assembled engineering and 
contractor organizations. Some of the surfaces. were made scanty indeed in 
order to get operations underway, and it is a wonder that many served as well 
as they did. It is to be noted further that practically all of these fields built 
for the lighter weight propeller-type aircraft have been capable of adaptation 
to satisfactory use under jet-type planes with heavier and more inteuse wheel 
loads and their peculiar service conditions. Without the asphalt pavements 
then so quickly made available, we would have been in sorry condition indeed.” 

Asphalt pavements can be constructed more rapidly than other types of 
pavement since no curing period is required other than for the hot-mix to cool 
to air temperatures. They are in use within hours. 

An indication of how important lost time can be during the building of a 
new runway was illustrated at the Geiger AFB during the November 1956 first 
eontract bid: According to O. H. Mills of the United Paving Co., inc., one of 
the considerations in the schedule of the portland cement concrete contract 
was that 2 days each week would be lost as small crews would have to be 
used not to interfere with the field’s operations. 

A great advantage of asphalt, under emergency conditions, is that only a 
smaller weight of binder needs to be transported to the job. Only about 5 per- 
cent of the material is asphalt. The rest is obtained locally. Such material 
as crushed stone, gravel, slag, or selected soils for the foundation, are most 
always obtained near the work site. 

Thus, while there is substantial thickness of the composite pavements, the 
asphalt wearing surface is only a few (3-5) inches thick. The comparable 
design for portland cement concrete may be three times as thick for the wear- 
ing layer. The base for the flexible (asphalt) pavement is placed with this 
locally available material. 

As brought out by Mr. Grey at the Hess hearings, the relative tonnage would 
be an important factor in case of an emergency. 

“* * * heavy-duty pavement, capable of carrying the weight of the heaviest 
planes, requires, in the case of concrete, from 250 to 300 pounds of cement per 
square yard, whereas only 18 to 30 pounds of asphalt are needed. This would 
seem a very important item and particularly under wartime conditions where 
transport is so much required for all other uses.” 

Mr. Grey pointed out another factor: “Another important advantage of 
asphalt is its reaction under bombing, and something that deserves considera- 
tion in the building of any military field. By its very nature, there are no large 
broken fragments to be removed. Moreover, it is possible to stockpile asphalt 
repair mixtures in advance so that the bombed areas can be immediately re- 
placed and under use. Thus it seems appropriate to state that under wartime 
conditions asphalt would be the most logical material for all advance bases for 
transport and repair reasons alone.” 

Since portland cement concrete is used in so many areas, during an emer- 
gency, there is a great possibility that shortages can develop and the material 
would not be available for repairing damaged runways. 

Asphalt, on the other hand, can be stockpiled at the site and used at any 


time. Since it is a residue from oil refining, it would always be in plentiful 
supply. 
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An example of how fast these pavements can be resurfaced was illustrated 
recently in the New York City area. The Grand Central Parkway was re- 
surfaced with asphalt concrete during the night hours, without interrupting 
the heavy traffic which it carried as one of this area’s main arteries. Within 
a short time the entire pavement was resurfaced—one lane at a time, without 
inconvenience to motorists. It is still operating successfully afer several years 
of use. Any other method of repair would have tied up this main artery for 
months. 

Low-grade aggregates can be used in asphalt concrete. These are readily 
available in practically every region of the United States. Portland cement 
concrete requires high quality aggregates which are not always available and 
have to be transported. Delays may occur as a result. In some areas shortages 
of these high quality aggregates are becoming apparent. 

Asphalt paving utilizes local materials and local contractors without taxing 
our transportation facilities or pocketbooks. 


HESS HEARINGS 0.K.’D ASPHALT CONCRETE 


At the Hess hearings, it was conclusively established that when properly 
designed, either asphalt concrete or portland cement concrete can serve military 
aircraft operations effectively. At these hearings and in subsequent investiga- 
tions, the committee, engineers, and construction men showed beyond doubt that 
asphalt concrete pavements are serviceable, strong, and durable. 

They have been serving both military and civilian airports for over 25 years 
and handling heavier traffic than they have been designed for. After thorough 
investigation of the situation, the following specific points were established : 

1. The Air Force definitely preferred portland cement concrete. 

2. It was paying a 5-percent premium for its preference, based on the overall 
cost of the project. This amounted to as much as 40 percent extra when figured 
on paving costs alone. 

38. The 5-percent figure was picked out of the air. One job was receiving bids 
with a price differential of 10 percent in favor of portland cement concrete 
while the committee was in session. 

4. According to testimony by the Army Corps of Engineers, asphalt concrete 
pavements perform equally as well as portland cement concrete in the normal 
operation of aircraft. Furthermore, General Washbourne specifically stated at 
the hearings that asphalt concrete, as well as portland cement concrete could be 
designed to take any load. 

5. The investigating committee took the position that neither asphalt nor 
portiand cement concrete by itself eliminated the hazards caused by poor house- 
keeping. The committee understood the desire of operating commanders to 
have the best kind of fields, but did not agree that the best airports were neces- 
sarily the most expensive. 

6: Nor did the committee feel that the Air Force should bind itself to a rigid 
and undeviating specification of only one particular kind of pavement material, 

The 5-percent differential referred to in the Hess hearings was an overall cost 
on an airfield, including all of the projects within this airfield such as lighting, 
grading, and other construction work. 

The competition was so weighed by preferential differentials in favor of port- 
land cement concrete that it was extremely difficult for asphalt concrete to show 
its full economy. It didn’t only apply to the difference in price between the 
two respective pavements; it was figured on the complete cost of the airfield. 

Many times it was brought out that as much as 25- to 35-percent savings conld 
have been effected on pavements by using asphalt concrete. Because the total 
construction costs were used as the basis for judging the 5-percent difference 
the Air Force has been overpaying on its pavements. 

At that time, design criteria called for the use of rigid portland cement con- 
crete pavements on runway ends, warmup pads, and portions of taxiways. 

The Hess committee concluded that a continuation of this design criteria for 
the critical areas was proper, and that for the remaining portion comparative 
costs should be weighed and the price differential discontinued. 

The Air Force accepted this decision on August 16, 1954, in a letter to the 
Honorable William P. Hess, written by Mr. John M. Ferry, special assistant for 
installations for the Department of the Air Force. 

In this letter, we quote Mr. Ferry: 

“This is to inform you that we have completed a review of all available 
information from the field which has a bearing on the subject. While we are 
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completely convinced that 100-percent concrete has a definite advantage as 
compared to a combination of portland cement concrete in the critical areas and 
asphalt in the noncritical areas, we have been unable to collect adequate engi- 
neering backup as reflected by maintenance cost to substantiate this. It is 
apparent that the problem does not lend itself to a simple conclusive solution 
based on the facts procured by a short-term study. We have, therefore, sus- 
pended premium payments for cement concrete in noncritical runway areas.” 

After indicating that instructions were issued to Air Force and Corps of 
Engineers personnel concerned to comply with the Hess hearings, Mr. Ferry 
concludes : i i 

“It ig my understanding that this action is in accordance with the views of 
your committee which held hearings and secured information from many inter- 
ested sources.” [Emphasis supplied.] 

Mr. Hess acknowledged Mr. Ferry’s letter on August 19, stressing the fact 
that there was not adequate engineering support to justify paying a 5-percent 
premium for portland cement concrete. Mr. Hess said: 

“IT have your letter of August 16, 1954, advising that the Air Force bad 
verified that there is not adequate engineering support to justify paying a 5- 
percent premium for concrete airstrip paving over asphalt pavement in noncrit- 
ical areas on airfields. 

“That same conclusion was reached by the subcommittee after a full and 
open hearing on the subject in May of this year. 

“T am glad to have your advice that the price differential criteria of January 
8, 1954, has been wihdrawn by the Air Force.” [Editor’s italic.] 


AIR FORCE EXTENDS CRITICAL AREAS—VIRTUALLY ELIMINATES ASPHALT CONCRETE 


After agreeing to the decisions reached at the Hess hearings, the Air Force 
embarked upon a course of eliminating asphalt concrete from primary areas, in 
addition to the designated critical areas. 

On December 20, 1955, the Honorable Franklin G. Floete, in a memorandum 
directed to Hon. Donald A. Quarles, Secretary of the Air Force, permitted a 
redesignation of the critical areas. The new designation took in all of the 
major paved areas, with the exception of overruns, shoulders, and erosion control 
areas. 

Without change in policy, simply by extending the noncritical areas, asphalt 
concrete was virtually eliminated for all future airfields, without regard to 
whether heavy or light loads were involved. 

The reason—channelization of pavements under B—47 and B—52 loads—does 
not apply to light aircraft, such as training and fighter planes. Yet the directives 
cover all pavements at all fields. 

The new policy outlined by Secretary Floete cites an exhaustive study con- 
ducted for his Department by an architect-engineer, with the following con- 
clusions: 

“* * * that presently available paving methods, other than portland cement 
concrete, do not possess the necessary qualities of stability and endurance under 
heavy concentrated loadings, high air temperatures, and jet-engine blast and fuel 
spillage. 

“Analyses of these reports and reviews of other reports of airfield pavement 
failures and resultant interferences with operational and training programs 
have been made by my technical staff. These indicate that portland cement 
concrete is the best material currently available of which hard, durable pave- 
ments with a smooth surface and nearly uniform gradients can be designed and 
constructed with reasonable assurance that they can be maintained to meet 
satisfactorily the requirements of the immediate future for the efficient, sus- 
tained, and full-capacity operation of modern high-density, high-speed military 
aircraft.” 

This policy was implemented shortly thereafter, as would be expected. 
Asphalt concrete was eliminated from new construction, even to the extent of 
renegotiating contracts which had already been awarded. 

The nonasphalt concrete policy applied to all airfields, except where Air Force 
contradictions crept in. 

Asphalt concrete pavement contracts have been awarded by the Air Force 
despite its own directive. One instance where this took place was at the Colum- 
bus, Miss., SAC Air Force Base. 

This contract was awarded during November 1956. 














2200 AIRSTRIP PAVING MATERIALS 


But 11 months before, the Air Force found asphalt concrete so undesirable 
that they banned it from primary runways. The Columbus AFB is a SAC base 
and points up the contradiction in policy as originally outlined by Secretary 
Floete. Acting Secretary of Defense, Mr. A. McDonald, restated this policy: 

“Airfield pavements for the direct support of Air Force combat missions 
within the continental United States must be ready and available at all times. 
Asphaltic concrete on the primary runways and taxiways, when subjected to the 
very heavy wheel loads, high tire pressures, and the traffic patterns of current 
Air Force jet aircraft, has become unstable and has failed. Various surveys and 
tests already have been made. * * * 

“* * * At the present time, it appears that portland-cement concrete is the 
best material currently available of which hard, durable pavements with smooth 
surfaces and nearly uniform gradients can be designed and constructed with 
reasonable assurance that they can be maintained so as to meet satisfactorily 
the requirements for safe, efficient, and sustained full-capacity operation of 
modern high-density, high-speed military aircraft.” 

The reasons for some of these reversals of Air Force policy should be explained. 

The devices by which the Air Force has cut back on asphalt-concrete pave- 
ments in noncritical areas are discussed in the next chapter. 


AIR FORCE USES THREE DEVICES TO ELIMINATE ASPHALT-CONCRETE COMPETITION 


The Air Force has not abided by its Hess Committee agreement permitting 
competitive asphalt-concrete options in military airport paving. As a result, 
there have been excessive expenditures. 

They have been so numerous, it is not possible to show where all of them 
have taken place, so just a few are pinpointed in the following pages. These 
partial listings amount to: 

Eeaecessive expenditures of $6,830,081 

The total amounts involved are much larger. 

This is a direct result of the Air Force’s arbitrary policy of eliminating asphalt- 
concrete from option bidding on competitive military airfield contracts. This 
policy was mentioned in Engineering News Record’s February 21, 1957, issue on 
page 90. 

“On the military side of the airport picture however there was big and 
spectacular enough news :” 

“The Air Force,” said Air Installation’s Chief, Lee W. Washbourne, “will be 
building no more runways with flexible-type (asphalt) pavements.” 

About 15 months before this statement was made (December 20, 1955) the 
critical areas on military airports were extended so that practically all asphalt 
paving was eliminated. Not only have many contractors been virtually deprived 
of the opportunity to bid competitively on military-airfield contracts, but the 
Government, too, has suffered a deprivation because: 

Fewer bidders tend to increase the cost as competition is lessened, and 
An economical construction method (asphalt concrete) is eliminated. 
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The Air Force’s three very effective devices 


1. Renegotiating asphalt-concrete low bids and substituting portland 
cement concrete at a higher price—frequently in the millions 
on each contract. This occurred many times and is pointed out LEzcessive 


at three AF bases: expenditure 
Dow AFB, Bangor, Maine: Here the extra tariff amounted to_ $2, 964, 401 
Grand Forks, N. Dak., AFB: Estimated additional cost___-___ 474, 878 
Alexandria AFB, Alexandria, La., where the extra came to__ 324, 270 


2. The withdrawal of asphalt concrete options from bids already ad- 
vertised: Portland-cement concrete had the field completely to 
itself, as competition from asphalt concrete was absent. The 
price went up at many AF bases—seven are pointed out here: 
Charleston AFB, Charlestes,- 8. Ggs52320 4 ke a Liewe 
George AFB, Victorville, Calif._..................- ii... 50, 000 
Davis Monthan AFB, Tucson, Ariz...........u........... 185, 000 
Sherman-OClinton AB, CRetod; O66 cee ne ee 
Kingston Naval Air Station, Orange Grove, Tex__..------.. ~-------. 
Geiger ANB; Spelititie; Ween 222000 2 eee ee 201, 532 
A¥YB (unnamed), PUGS ie. 2 a ee eee eee ee 
The same practice was used on a road at Roosevelt 
Road, Puerto Rico. 
8. The complete omission of asphalt-cement options from Department 
of Defense contracts, without regard to the type of area in- 
volved, took place many times and is pointed out at six AF 


bases: 
Sheppard AFB, Wichitt FMlis, This ascetic sn cieionteat $2, 500, 000 
Davis AW, Ties, Ce nooks cc isso cccsicoteinennaeee 130, 000 


Oimsted AFB, Middletown, .POcic<o<sossiad «secede 
Toledo Airport (Air National Guard), Huntington, W. Va 
Davis AFB (Apr. 3, 1957), Muskegee, Okla___- 
Amarillo AFB, Amarillo, Tex.............._- 


1. ASPHALT CONCRETE “LOW BID’ CONTRACTS RENEGOTIATED, SUBSTITUTING HIGHER 
PRICED PORTLAND CEMENT CONCRETE AT THREE AIR FORCE BASES 


At Dow Air Force Base, Bangor, Maine, a renegotiation of an asphalt concrete 
runway to portland cement concrete amounted to an excessive expenditure of 
$2,964,401. 

The extra cost resulted from the different type of construction when asphalt 
concrete was eliminated from the original contract—at almost double the original 
price. 

This example illustrates the excessive costs arising from the Air Force’s arbi- 
trary exclusion of asphalt concrete. 

The original bids listed portland cement concrete at $4.70 a barrel on October 
28, 1955, and the same price was shown on the renegotiated bid when figured 
during July 1956. Other material items appear not to have varied appreciably 
in price. Nor did the cost of labor differ during this period. 

The only apparent reason for this large increase in cost came about from the 
new portland cement concrete (rigid pavement) design. 

The Grand Forks Air Force Base, N. Dak., which was originally part-asphalt 
and part-portland cement concrete on a contract awarded for a runway, was 
changed to all portland cement concrete. 

This contract was awarded to 8S. J. Groves & Sons Construction Co. in Decem- 


ber 1955 on the basis of their low bid—both on portland cement concrete, and on 
asphalt concrete: 


Portiand: cement comcretesiu bk a a 2 8 $4, 961, 277 
Asphalt concrete including portland cement concrete ends__________ 4, 486, 398 
The asphalt-concrete was cheaper by_..._..-...._--_________ {74, 878 


The lowest bid originally accepted was renegotiated for portland cement con- 
crete, resulting in an (estimated) excessive expenditure of $474,878. (Nore.— 
The difference in bids originally made between portland cement concrete and 
asphalt concrete is used as the estimated additional cost of the changeover.) 

The only asphalt which appears to have been used in this project, from the 
best available information, was on the roads and streets within the housing area. 
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At Alexandria Air Force Base, Alexandria, La., an unnecessary expenditure of 
$324,270 resulted because a resurfacing contract was negotiated. No engineering 
reasons for the switchover were given beyond saying that crushed gravel was to 
be used for the base course. This material was available from Fort Smith and 
Big Rock, Ark. The contract was awarded to T. L. James Co, during May 1955 
for the construction of hot-mix asphalt concrete taxiways, a hot-mix asphalt 
concrete overlay on a runway with 1,000-foot portland cement concrete ends; 
using hot-mix asphalt concrete shoulders and blast pads. 

The following contract modifications took place: The— 

Asphalt concrete shoulder paving was deleted ; 
Asphalt concrete taxiway was changed to portland cement concrete ; 
Asphalt concrete runway overlay was changed to portland cement concrete. 

The portland cement concrete overlay thickness varied from 9 to 17 inches. 

The original asphalt concrete contract called for 63,000 tons. The deletion of 
the shoulder paving and changing the taxiways to portland cement concrete re- 
duced the tonnage to approximately 32,000, about half. 

The runway overlay was changed to portland cement concrete which resulted 
in an adjustment of the portland cement concrete price to $11.20 per cubic yard. 

The portland cement concrete overlay thickness varied from 9 to 17 inches. 

The 36,000 cubic yards of portland cement concrete used to complete the 
overlay of the 6,000-by-150-foot runway section reveal an average thickness of 
13 inches. Based on this thickness, an estimated cost of the asphalt concrete 
overlay was calcalated for comparison with the portland cement concrete cost. 


Asphalt concrete 


i RUM GOMRGRO... 25 ii i ah a $155, 680 
9 inches crushed aggregate base course_______.--.-_-__-_____--._.__L 130, 250 


a ce a tS ees rien = in er oe Ce 285, 930 
ree ET * an a rc gtetnte ein heoceanenpennte epoeaenm 610, 200 
ee I cet an ran aes cee reels ae ae admecicie tae 285, 930 


The asphalt concrete was cheaper by......—....... ~~. nee neenene= 324, 270 
Not using asphalt resulted in an excessive expenditure of $324,270. 


2. WITHDRAWAL OF ASPHALT CONCRETE OPTIONS 


In the second case, where asphalt concrete options were withdrawn from 
bids already advertised, and portland cement concrete was substituted, there are 
many examples to illustrate this practice. 

At Charleston, 8. C., asphalt design was changed to a portland cement concrete 
overlay and extension. No estimate available on extra cost. 

At George Air Force Base, Victorville, Calif., under contract No. DA—04—0353, 
there was a switch-over from asphalt concrete ts portland cement concrate. 
Although the precise cost cannot be determined, unofficial estimates show that 
the result was an excessive expenditure of $50,000. 

At the Davis-Monthan Air Force Base in Tucson, Ariz. (under contract No. 
DA-04-0353 Eng. 4662), the change order required the deletion of asphalt con- 
crete and the substitution of portland cement concrete by the contractor on the 
job. This substitution was for the extension of a main runway, approximately 
1,200 feet long. No official estimate of the cost was available, but engineering 
ealculations approximated the increased excessive expenditure at $185,000. 

At the Sherman Clinton Air Force Base, Clinton, Okla., under a contract 
awarded to Peter Kiewit Sons, of Wichita, Kans., for $7 million and another 
contract to Nolan Bros. of Minneapolis, Minn., a stop order was issued on the 
asphalt paving during the summer of 1956. The 13,500 by 300-foot runways 
were to have been of asphalt concrete construction, except for the 1,000-foot 
ends which were originally of portland cement concrete. 

The new design called for 16-inch portland cement concrete for the entire run- 
way, over a 6-inch filter course of stone and in addition to 8 inches of stabilized 
subgrade. There are 50-foot-wide shoulders on each side of the runway which 
are of asphalt concrete. 

The Navy was the construction agent on this contract. No estimate available 
on extra cost. 

At the Kingston Naval Air Station, Orange Grove, Tex., another instance of 
an arbitrary switch-over took place in June 1956. The contractor was J. M. 
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Dellinger, Inc., of Corpus Christi, Tex. No estimate available on extra cost. 

The Geiger Air Force Base, Spokane, Wash., contract was advertised on 
October 1956 under the 1954 criteria for asphalt concrete runways with port- 
land cement concrete ends. 

The corps’ estimates were exceeded and, as a result, the contract was not 
awarded. 

The original specifications on the Geiger Air Force Base were very rigid in the 
opinion of many contractors. 

The contract was then readvertised under two schedules: 

Schedule A consisted of a design following the 1954 criteria as originally 
advertised in October 1956, 

Schedule B consisted of all portland cement concrete construction. This added 
the runways to the critical areas calling for portland cement concrete only. 

The lowest bid on schedule A was $169,000 less than schedule B—using asphalt 
concrete on the runway—approximately 6.7 percent of the overall cost. Grading, 
lighting, and other construction work on the job was included in this percentage. 

The lowest bid on schedule B was $201,532 above schedule A which was bid 
by another contractor—about 15.8 percent more when the paving alone was 
considered. (The actual dollars do not correspond on these two comparisons 
because different unit prices were used. ) 

At a public meeting of contractors the Corps of Engineers announced that 
bids would be awarded strictly on low price. In spite of this announcement the 
eontract was awarded to the higher priced schedule B. The job was given to 
another contractor. This decision was made in Washington, resulting in an 
excessive expenditure of $201,532. 

At an airfield in Puerto Rico, there was an alternate bid allowing asphalt 
concrete construction. Before the bids were received on May 1, 1956, the option 
was withdrawn and only portland cement concrete allowed. This was for a 
5,800 by 200-foot runway. Other areas were originally specified for portland 
cement concrete for what were probably critical areas. These were 1,900 by 
200 feet by 11 inches, 3,400 by 50 feet by 6 inches and 3,250 by 200 feet by 6 inches. 
No estimate available on extra cost. 

In Puerto Rico, on Roosevelt Road, in this case a road contract, the original 
proposal called for alternate asphalt concrete bids. The alternate was with- 
drawn before bids were taken on May 1, 1956. The contractor was Blythe- 
Mills Co. 


8. OMISSION OF ASPHALT CONCRETE FROM COMPETITIVE BIDDING 


GOVERN MENT PAYS INCREASED PAVEMENT PRICES 


As General Washbourne has pointed out, the Air Force does not prefer asphalt 
concrete pavements. Although many reasons have been given, the inconsisten- 
cies show that in some cases lightly loaded runways had the same “no-asphalt” 
policy as runways for which the given excuses applied. 

Umission of asphalt concrete options from contracts took place at the fol- 
lowing Department of Defense airfields: 

At the Sheppard AFB at Wichita Falls, Tex., under contract No. 34—-066-57-51, 
the runway, taxiway, and aprons were designed without any provision for alter- 
nate bidding from asphalt concrete. 

The district engineer’s (Tulsa) invitation allows asphalt concrete for shoul- 
ders only in their specifications : 

“Construction of approximately 990,000 square yards of portland cement con- 
crete runway, taxiways, aprons, overrun and blast pad, and approximately 
190,000 square yards of asphalt concrete shoulder stabilization. Work will also 
include grading, drainage, airfield marking, and ducts from airfields lighting.” 

In the opinion of Mr. Bryant M. Collins, president of the Hot Mix Associa- 
tion of Austin, Tex.: 

“From estimates on the above airfield, if you had continued your criteria as per 
your 1954 standards, and limited the rigid design pavement (portland cement 
concrete) to critical areas only, you would have effected a saving on this job of 
between 2 to 3 million dollars.” The average (estimated) excessive expendi- 
ture was $2,500,000. 

At the Davis AFB, Muskogee, Okla., asphalt concrete was not included as an 
option on pavement bids. 

Only six contractors submitted bids for the job (for which the low bid was 
slightly over $1,300,000)—all of these bidders were out-of-State contractors. 
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According to Mr. J. Rogers Martin, engineer-manager of the Hot Mix Asphaltie 
Association of Oklahoma, Inc.: 

“Oklahoma contractors were not in a position to bid on the type of design 
presented. In our opinion, alternate competitive bidding would have drawn 
bids from at least 10 Oklahoma contractors. 

“This would, without doubt, have resulted in at least 10-percent savings on 
first cost and also a savings of maintenance.” 'The estimated excessive expendi- 
ture was $130,000. 

At Olmsted AFB, Middletown, Pa., bids for aprons, taxiways and a runway 
were opened on September 15, 1956. Asphalt concrete options were not allowed 
on this 211,000 cubic yards of new construction. Also included were 75,000 
cubie yards of portland cement concrete for overlaying existing pavements. No 
estimate available on excessive cost. 

At the Toledo Airport, the Air National Guard, through the Corps of Engineers 
at Huntington, W. Va., asked for bids on portland cement concrete only, to the 
exclusion of asphalt concrete. 

According to Mr. Kirkby of the 8. E. Johnson Co., contractors of Maumee, 
Ohio: 

“Soil conditions at the Toledo Airport are ideal for asphalt concrete and cer- 
tainly the performance of the existing pavement would seem to have been 
justification for continuing the same design for the Air National Guard. How- 
ever, the Air Corps has been adamant in its opposition to asphalt concrete pave- 
ments and has been unwilling to even consider asphalt concrete.” 

On the new northwest-southeast runway and taxiway No. 6 at Davis Field, 
Muskogee, Okla., on invitation No. Eng. 34-066-57-43 on April 3, 1957, the option 
showed that asphalt concrete construction was not included. 

This runway is specified to be of portland cement concrete. This field has a 
relatively short runway and the possibility is remote that it could be used for 
heavy plane operation. No estimate available on extra cost. 

At Amarillo Air Force Base, Amarillo, Tex., 950,000 square yards of portland 
cement concrete were to be bid on by May 8, 1957. No alternate asphalt concrete 
bids were specified, except on overruns. No estimate available on extra cost. 


AIR FORCE’S INACCURATE STATEMENTS NEEDLESSLY HURT ASPHALT CONCRETE 
INDUSTRY 


Remarks by policymaking officers of the Air Force show numerous incon- 
sistencies and fail to explain their dislike of asphalt concrete pavements. 
Official policy banned this method of construction 17 months ago—yet it’s being 
used in new runways as well as strengthening and repairing older pavements. 

Of greater importance is the nagging question of what is to be done with half 
ef our present pavements which are built out of this banned material. 

Asphalt pavements which were built before are handling today’s air traffic— 
but the same asphalt pavements are not good enough for more of the same 
traffic—according to the Air Force’s statements. 

Gen. L. B. Washbourne doesn’t want any asphalt pavements, yet the Air Force 
continues to build them. Gen. Curtis LeMay says that’we have only two air 
bases which can handle B—52’s Strategic Air Command’s needs—both of which 
are paved with asphalt concrete. Mr. P. T. Sutton, pavements engineer of the 
Air Proving Ground Command prefers asphalt concrete. 

Statements by these men require more detailed examination to bring the 
inconsistencies into focus. Here are some of them: 

In the January 7 issue of this year’s Newsweek, Gen. Curtis LeMay warned 
of our inadequately equipped bases: 

“Only two United States fields—at Merced, Calif., and Limestone, Maine— 
are properly equipped to handle the huge intercontinental bombers. Other bases 
are in England, North Africa, and Guam. LeMay wants alternate bases built, 
both in the United States and abroad—fast. Despite claims that the B-52 
is fast flying into obsolescence, the Air Force is not freezing its design. In fact, 
improvements are now being made to make it higher, faster, a poorer target.” 
Newsweek continued : 

“Strategic Air Command brass believes the P—52 will give the United States 
good retaliatory protection for 5 years. By then, they hope the intercontinental 
guided missile should be perfected.”” General Washbourne’s statement at the 
Mahon hearing: 

“We agree, Mr. Chairman. They (asphalt concrete contractors) are still bid- 
ding and getting most of the bids on all of our road work, and other things 
other than this high-performance airfield pavement.” 
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“You can get laboratory blacktop pavement that will do the job, but we just 
find that the contractors by and large do not produce laboratory type blacktop 
pavement on our bases, and whenever anything goes wrong with these pave- 
ments, for whatever reason, the Air Force always has to pay the bill for getting 
it fixed. We just feel that the uncertainty of any lesser pavement than this 
eoncrete should not be put into this big program: 

Isn’t this true of all pavements, General Washbourne? 

Erroneous impressions have been picked up in the press as a result of these 
blanket condemnations by the Air Force. The impression that only asphalt 
fails is obviously inaccurate in the light of General Washbourne’s statement at 
the pavement maintenance conference: 

“Though new pavement will obviously require less maintenance, there is not 
an immediate program to replace the millions of yards of existing pavement 
built to lesser criteria. Only increased maintenance can make up for the under- 
design. You will be confronted with spalling, broken slabs, base failures and 
similar problems for a long time to come.” 

Inaccurate statements have needlessly hurt the asphalt industry and the 
contractors and material suppliers who comprise it. In one case, the damage 
has crept over into the civilian field. 

Recently, at the Miami International Airport, there has been a hesitancy to 
consider asphalt for an expansion program because of the general detrimental 
remarks about this type of construction. 

One, made by Gen. L. B. Washbourne before a large group of contractors 
at the February 1956 meeting of the Associated General Contractors, was by 
itself strong enough to be responsible for this type of thinking: 

“Concrete (portland cement) can take it, blacktop can’t.” More specific 
statements, which didn’t stand up under investigation, blamed asphalt concrete 
for almost every pavement difficulty. But, difficulties on all pavements from 
“bicycle-landing” aircraft have been revealed by the Air Force, the Corps of 
Engineers, the Highway Research Board and consulting engineers. 

The Altus Air Force Base was one of the old and overloaded slabs that 
General Washbourne was referring to. The failures were in the area where 
old portland cement concrete slabs were overlaid with asphalt concrete. The 
base was not able to carry the load and failed, but asphalt concrete was blamed. 

Typical of how these inaccurate statements are picked up in the press is 
shown by the Daily Oklahoman’s February 10, 1956 headline: 

“Asphalt Cracks Up at Altus Airfield,” Altus, February 9 (staff). 

“The Air Force has authorized replacement of more than 329,000 square yards 
of asphalt pavement on the aircraft parking apron of Altus Air Force Base with 
portland cement conerete.” 

Enginering News-Record’s November 8, 1956, issue revealed the marathon- 
type of contest by which asphalt was put out of the running: 

“The Air Force has won its right to use portland cement in preference to 
asphalt on air bases. The Asphalt Institute, downed in recent tests, is trying 
now to mix a new batch that can get them back into the running.” 

“Result of a competitive test at Kelly Air Force Base this summer—set up 
by the Air Force and the Army engineers at the request of asphalt interests— 
was a smashing success for concrete. Asphalt officials admit that as things 
stand now, they have no argument with which to persuade the military to accept 
bituminous pavement for airfields on runways, taxiways, and other airfield 
pavements.” 

“The test compared the two types of pavement under simulated repeated load- 
ings of heavy aircraft—a load of 100,000 pounds. The concrete strip was built 
to military specifications. Asphalt design and construction were controlled by 
the Asphalt Institute for this test. 

“Test procedure called for 30,000 load repetitions of dual-wheel landing gear. 
The asphalt strip began to show distress at about 3,000 loadings and became so 
badly rutted at 9,000 loadings that the testing of the asphalt pavement was 
discontinued. However, at the end of 30,000 repetitions on the concrete pave- 
ment, it showed no signs of deterioration.” 

Sasically the same column appeared in the magazine Construction Methods. 
By a single pavement test asphalt was branded unsatisfactory in a marathon 
winner-take-all decision. 
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Sound engineering rather than showmanship is what’s called for. 
eall for new requirements—from men and materials. 
research and coordination of efforts. 

Pavements are in this category. 


New planes 
This, in turn, calls for 


ASPHALT STANDS UP UNDER OPERATIONS AND AIR FORCE CRITICISM ; CORPS, NAVY, 
HIGHWAY RESEARCH BOARD, AND AF ENGINEERS APPROVE IT 


In spite of frequent public statements by leading Air Force officers criticizing 
asphalt concrete in general terms, these pavements have been very serviceable 
and are standing up—frequentiy under loads far beyond those for which they 
were designed. 

Many Air Force officers, and other personnel connected with the Air Force in 
a technical capacity, not only feel that asphalt is serviceable but they actually 
prefer asphalt concrete to portland cement concrete. 

The truth of the matter is that all pavements have trouble because today’s 
planes are much heavier than when the majority of existing pavements were 
designed. A constant repair and strengthening program is required to keep 
pavements in serviceable condition. 

Because soil conditions vary in each locality it is difficult to compare the 
advantages of one pavement with another as a different design is called for to 
achieve economy and durability. 










































ARMED SERVICES FIND ASPHALT CONCRETE SATISFACTORY 


Perhaps better than most men, Mr. Paul T. Sutton, pavements engineer, of 
the Air Proving Ground Command, United States Air Force, summed up the 
situation on Air Force policy and practicability of asphalt concrete at the 
pavements maintenance conference last May in Colorado Springs. Speaking 
of the recent criteria on new construction of primary runways, he says: 

“ * * * navement will normally be constructed of portland cement concrete 
with exceptions considered on request to Headquarters, USAF. From this, the 
observer can only conclude that, if he can afford it, he will be much better off 
with a portland cement runway.” 

Commenting on the serviceability of asphalt concrete runways, Mr. Sutton 
went on to say: 

“We have under construction at Eglin Air Force Base [Fla.] a 12,000-foot-long, 
800-foot-wide, heavy-duty runway, designed for channelized traffic. Warmup 
aprons and parking aprons, being constructed in conjunction with it are portland 
cement which is, in my opinion, the best type of pavement for this particular 
usage. With the exception of 1,000-foot-portland-cement sections of concrete at 
either end of the runway, however, the runway and taxiway are asphalt concrete.” 

Mr. Sutton covers other factors, by saying: 

‘Damages to asphalt concrete runways from jet blast effect or fuel spillings 
is only slight. The few cases of rutting of bituminous concrete pavements in 
channelized areas from bicycle-type landing gear, along with some surface 
flushing which has occurred are the exceptions which can be eliminated by the 
proper design mix and good control and inspection during construction.” 

Talking of maintenance, Mr. Sutton says: 

“The problem inherent in rigid type pavements of joint maintenance is elimi- 
nated as well as the prospect of being faced with what could be a very costly 
project in case of failure of extremely thick slabs now required for channelized 
traffic. In the event that wheel loads are designed still further in the future, 
either from inservice loading or aircraft-design flexible-type pavement will lend 
itself more readily to strengthening to meet these additional loads, as well as 
being more economical to repair in case of pavement failure due to overloading.” 

Mr. Sutton continues : 

“If it is decided to construct runways using the rigid [portland cement concrete] 
pavements, certain localities having soils in the low K-value in aggregates pro- 
ducing a low flexual strength concrete will have pavement thicknesses exceeding 
2 feet in the channelized area, if present design methods are followed. These 
extremely thick slabs are going to present problems due to internal stresses set up 
from warping caused by temperature differential of the top and bottom surfaces. 
To eliminate this problem as well as to effect a possible economy in construction, 
the traditional concept of rigid [portland cement concrete] pavements as a slab 
whose strength is increased by adding to its thickness might well be discarded 
in favor of reinforced or prestressed sections in the channelized areas.” 
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Discussing the maintenance of pavements in permafrost areas where ground 
movement is a constant problem, R. E. Menge, of the Northeast Air Command, 
had this to say about asphalt pavements, at the pavements maintenance confer- 
ence: 

“* * * Maintenance of failures is more difficult to perferm in rigid [portland 
eement concrete] pavement than it is in flexible [asphalt concrete] pavement.” 

From the Waterways Experimental Station, Messrs. Turnbull and Foster, 
Chiefs of the Soils and Flexible Pavement Branches, respectively, have this to say 
about failures blamed on asphalt concrete: 

“Asphalt concrete mixtures based on 1,500 coverages of accelerated traffic have 
successfully withstood prototype B—47 traffic. In the case of several fields listed 
above (March Air Force Base, Pinecastle Air Force Base, Altus Air Force Base, 
Davis-Monthan Air Force Base) with flexible pavement which have been giving 
trouble as a result of channelized traffic of B-47 aircraft, no trouble with the 
asphalt concrete has developed except in one instance where the latter did not 
meet design requirements.” 


HIGHWAY RESEARCH BOARD FINDS ASPHALT CONCRETE SATISFACTORY 


At the Department of Defense’s request in July 1954, the Highway Research 
Board appointed a special committee of engineers to study the effects of aircraft 
operations on military airfield pavements. This committee, composed of engi- 
— eminent in their particular fields, conducted the study and reported their 

ndings. 

The purpose of this study was to develop information so that a Defense Depart- 
ment policy for airfield pavements could be established—one which would be 
practical and economical. 

The study included: 

Inspectien of the 27 Navy, Marine, and airbases within the United States. 

Observation of results at three Army engineer and Navy airfield paving 
laboratories where heat, blast, and spillage effects were tested. 

A consideration of the indicated trends, in military aircraft design and 
operation within the next decade. 

The committee’s findings and recommendations are listed. 


Investigated: Heat, blast, and fuel spillage 


Spillage of jet-aircraft fuel has 

Little effect on the surface of portland cement concrete pavements, other 
than staining and discoloration. 

Some softening and deterioration of joint sealer for portland cement con- 
crete pavements, and some staining of asphalt concrete pavements and (if 
repeated frequently) softening and eventual disintegration of the pavement. 

Where jet planes were kept moving, heat and blast had little effect, if any, on 
ether type of pavement. 

Where planes remained standing with engines running, heat and blast had little 
effect on portland cement concrete itself, but softened, melted, smeared, and 
eroded the joint sealer. Had some effect on asphalt concrete while planes were 
standing. 


Recommended for heat, blast, and fuel spillage 


Either portland cement or asphalt concrete for the central portions of taxi- 
ways and runways where planes are moving continuously. 

Portland cement concrete for pavement, in certain “critical areas,” such 
as maintenance and fueling areas, warmup pads, aprons, and on those run- 
way and taxiway portions where planes are stationary with running engines. 

Critical areas should be based upon the type of field operation, runway 
and taxiway layout, and economic considerations. The final decision should 
be based on sound engineering judgment in which all factors, including opera- 
tional requirements, will be given full consideration. 


PAVEMENT FAILURES TRACED TO MANY SPECIFIC FACTORS NOT CAUSED BY MATERIALS 
OR BASIC TYPES OF CONSTRUCTION 


Runways become obsolete, the way planes do. As planes get heavier, pave- 
ments are subjected to more and more concentrated loads. The result—pave- 
ment failures. 
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The main causes of pavement failures may be designated as—- 
Overloading. 
Poor design. 
Poor coordination among personnel. 
Improper maintenance. 
In some instances, insufficient knowledge of the many factors encountered, 
with new aircraft. 

What’s needed, as has been brought out by many engineers in the military 
services and in the paving industry, are pavements that are appropriate to meet 
operating conditions. Specifically, proper design, construction and maintenance, 
and the incorporation of new findings in daily operations are called for. Also, 
research into better ways for overall operations. 

The Air Force’s complaints of pavement failures at seven of its bases were 
traced, upon investigation, to one or more of the above factors. These were the 
findings of the Corps of Engineers, in some cases the base commanders, the 
Asphalt Institute, and the National Bituminous Concrete Association, Inc. The 
method of construction, or materials used, have not been at fault. Messrs. Turn- 
bull and Foster * pinpointed the causes at five AF bases. 

Lake Charles AFB, La.: Cracking of pavements. 

March AFB, Calif. : Compaction in subgrade. 

Pinecastle AFB, Fla.: Compaction in subgrade. 

Altus AFB, Okla.: Plastic deformation in base and subbase. 

Davis-Monthan AFB, Ariz.: Plastic deformation in paving mixtures. 


PAVEMENT FAILURES CAUSED BY POOR DESIGN 


Asphalt concrete stands up both under actual operations and in tests. This is 
demonstrated by the minimal needed repairs—both in dollars and pavement area. 

This point is emphasized in the aforementioned paper by Messrs. Turnbull and 
Foster : 

“* * * asphalt concrete mixtures based on 1,500 coverages of accelerated 
traffic have successfully withstood prototype B-47 traffic. In the case of the 
several fields listed above with flexible (asphalt concrete) pavement which have 
been giving trouble as a result of channelized traffic of B—47 aircraft, no trouble 
with the asphalt concrete has developed except in one instance where the latter 
did not meet design requirements.” 

The specific causes for failure are treated in the following pages. 


FAILURES AT THREE AIR FORCE BASES CAUSED BY POOR CONSTRUCTION 


Failures at three AF bases were traced directly to poor construction in an 
investigation conducted by the corps at: 

March AFB: Compaction in subgrade. 

Pinecastle AFB: Compaction in subgrade. 

Altus AFB: Plastic deformation in base and subbase. 

The exact causes for these failures are treated elsewhere. 


POOR COORDINATION RETARDS RESEARCH 


Insufficient coordination between top-level aircraft designers and engineers 
responsible for airfield pavement research, is brought into focus by the Highway 
Research Board’s investigation of 27 military aircraft bases. 

Although aircraft is planned 5 years or more in advance, fiscal limitations 
prevent long-range planning by those in the service responsible for pavement 
research. Result—a dearth of knowledge regarding future pavement require- 
ments. 


COMPETENT MAINTENANCE ESSENTIAL FOR LONG LIFE OF AIRFIELD PAVEMENTS 


It has been generally acknowledged that proper maintenance is essential to 
continuous and safe aircraft operation, and to protect the large investments they 
involve. Nevertheless, few steps have been taken to insure the realization of 
these objectives. 





1W. J. Turnbull, Chief of Soils Division, Waterways Experiment Station, CE, Vicksburg, 
Miss., and C. R. Foster, Chief of Flexible Pavement Branch, Soils Division, Waterways 
Experiment Station, CE, Vicksburg, Miss., presented a joint . at the 2d annual 
convention of the National Bituminous Concrete Association, held in Chicago, Ill., in 
February 1957. 
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The cost for maintaining pavements is low enough, as has been brought out 
by G. C. Gill, captain, United States Navy, in his June 15, 1953, letter to Mr. John 
J. Courtney, special counsel, Subcommittee on Defense Activities, Committee on 
Armed Services: 

«“* * * it was found that the difference between the maintenance costs for the 
flexible [asphalt concrete] pavements and portland cement concrete pavements 
was negligible. It is considered that 3 cents per square yard per year is the 
average maintenance cost for all pavements.” 

‘“* * * The fact that the costs were practically the same for both types of pave- 
ments appears strange, until one considers that the resealing of joints on concrete 
pavements is a reoccurring and a costly procedure plus the fact that to repair a 
section of concrete [portland cement] pavement usually requires the complete 
replacement of a panel, whereas a flexible type [asphalt concrete] pavement may 
be repaired in much smaller sections.” 

It is interesting, in this connection, to note the statement by P. T. Sutton, pave- 
ments engineer, at the pavements maintenance conference held at Colorado 
Springs, Colo., in May 1956. In part, he said: 

“* * * the problem, inherent in rigid [portland cement concrete] type pave- 
ments, of joint maintenance, is eliminated * * * by proper design mix and good 
eontrol and inspection during construction * * *” 

The most recent findings by the Highway Research Board (during their survey 
of 27 military airfields) point up the great need for proper maintenance, a need 
that has been sorely neglected. Corrective measures are suggested. 

What’s needed are special maintenance crews supervised by a permanent in- 
formed staff, whose job it will be to keep. pavements in top operating condition 
and to eliminate hazards. Pavements will last longer, as a result. General 
carelessness in maintaining pavements in a readiness condition was found at 
most fields. In many instances the maintenance work done was inadequate. 

Many airfields are actually without patching or repair equipment. Out of 22 
airfields, only 12 had the necessary means for sealing joints. Inadequate equip- 
ment for upkeep was found responsible for poor pavements. 

In numerous instances necessary materials for small repairs were not avail- 
able and corrective action was delayed until the damage was so extensive it then 
had to be repaired under contract. This entailed interrupting operations until 
repairs were completed. 

According to observations by the Highway Research Board, here are some spe- 
cific examples of poor maintenance on many fields: 

Spalled portland cement concrete pavements were patched with poorly 
compacted cold asphalt mixtures. 

Portland cement concrete edges which had broken and spalled had irregu- 
larly feathered edges. 

Asphalt concrete patches were poorly and roughly finished. 

Placing of asphalt seals was done without repairing blast damage or other 
defects. 

The Highway Research Board strongly recommended : 

Using the same good materials for repairs as for initial installation. Pave- 
ment damage in the future would then be minimal. 

Availability of repair and maintenance manuals, so that all personnel con- 
nected with maintenance could be equally instructed through this inter- 
exchange of advanced technical information—essential for informed coordi- 
nation between services and units of airfields. 

Maintenance and protection of shoulder pavements against natural erosion 
and blast effects. 


PORPOISING CAUSES STILL AN UNKNOWN ON ALL TYPES OF PAVEMENT 


One of the most frequently voiced public statements of the Air Force, criticiz- 
ing asphalt runways has been related to the “porpoising” effect which jars the 
piane and its delicate human occupants and electronic equipment. 

The Air Force’s solution—announced many times by its air installations chief, 
Lee B. Washbourne—was to have smoother pavements. Flat and smoothness 
tolerances of one-eighth inch per 16 feet was the rule laid down. 

Asphalt pavements were built to these tolerances and accepted by the Corps 
and Air Force’s installations engineers. Asphalt contractors have conformed to 
these smoothness requirements at many fields. At the Robbins Air Force Base, 
to mention one, the tolerance of one-eighth inch in 16 feet was strictly adhered 
to as specified, by the Claussen-Lawrence Construction Co., of Augusta, Ga. 
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“The asphalt checks to closer tolerances than the portland cement concrete 
ends,” according to Mr. Henry H. Claussen, president of the company. 

In fact, asphalt concrete has been used to smooth out rigid (portland cement 
concrete) pavements in many cases. 

Then—suddenly—the flatness and smoothness specifications were relaxed— 
just weeks ago. 

Why? 

Does the letup in flatness requirements mean that General Washbourne’s 
ne on dangers to aircraft and personnel because of porpoising no longer 
apply 

Does it mean that asphalt pavement’s blame for porpoising was not so severe 
as stated, since smoothness is no longer so important? 

Whatever the reasons, it was established at the grade control conference 
called by the South Pacific Corps of Engineers in San Francisco, January 25, 
1956, that many factors are responsible for porpoising on both asphalt and port- 
land cement pavements. Much remains to be learned about the reasons for 
porpoising before it can be completely eliminated, No one reason is at fault 
always, but here are the main facts that come to the fore: 

1. The contractors present agreed that with their equipment pavements could 
be built to tolerances of plus or minus one-fourth inch. Air Force requirements 
later on, however, proved stricter. How long the pavements would hold up at 
that degree of smoothness remained unanswered. 

2. New machinery would be needed to build smoother pavements. Asphalt 
concrete pavements can be made smoother because they are placed in many 
layers. Any slight deviation can be corrected in the next layer. 

3. The Air Force did not as yet know the permissible deviation that it could 
accept without dangerous porpoising of its B-47’s and B-52’s. 

The Corps of Engineers and the Air Force decided to conduct a joint survey 
of heavy bomber fields on both asphalt and portland cement runways to 
observe the present deviations. So far no one factor explains the porpoising 
problem in full. 

1. Porpoising occurs on both asphalt and portland cement pavements. There 
is no correlation between cause and effect. 

2. Many factors enter into porpoising. With the exception of one surface 
irregularity at Castle Air Force Base, no outstanding runway conditions could 
be held responsible for porpoising. 

8. Pornoising cannot be attributed solely to runway roughness, according to 
Major Nix, a B-47 commander, “The plane’s characteristics, themselves, may 
be at fault. The B—47 has a tendency to porpoise. Pilot technique and landing 
the nose whee! first is the most important cause.” 

4. Not one case of malfunctioning of electronic instruments from porpoising or 
runway roughness, showed up when investigated by the Highway Research Board. 

5. Surface maintenance neglect seemed the most widespread cause of por- 
poising. 

6. Asphalt pavement complaints were traceable to faulty construction and sub- 
base consolidation, not to the pavements themselves, according to Mr. Krutson. 

7. Porpoising was blamed on a slight hump in the pavement at Davis-Monthan 
Air Force Base, although more severe humps did not cause this effect. Humps 
can’t be the only cause, then. 

8. Contractors’ opinion was that proper sized aggregates at March Air Force 
Base and accurately operating the paver would probably solve the smoothness 
problems. 

9. Clearly, more research is needed into the cause and solutions of porpoising. 
Fields now operating successfully should be used as a guide to study the problem, 
it was agreed, 




















































POOR HOUSEKEEPING THE CAUSE OF JET ENGINE DAMAGE 





One of the Air Force’s most frequently voiced complaints about asphalt 
concrete has been that loose aggregates enter jet engines, resulting in frequent 
overhauls and at times requiring complete engine replacement. 

The pavements maintenance conference of May 1956 brought this matter into 
proper perspective. The main.cause of damage was traced to poor housekeeping. 

Although there is need for research to find the most effective means to prevent 
particles’ entry into jet engines, the most important prerequisite is clean pave- 
ments. Many factors contribute to the $18 million annual engine damage, such 
as jet blasts, and foreign particles from all sources. The National Advisory Com- 
mittee for Aeronautics disclosed the following important facts: 
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1. Asphalt-conerete pavements permit particles to move in many directions and 
as a result they are not forced up. 

2. Portland-cement pavements, with their cracks and joints, often wedge 
particles, which are then blown as high as 8 feet when subjected to dislodging 
jet blasts. 

8. The larger the particle the greater the damage. A one-eighth inch pebble’s 
effect is minor; a one-half inch bolt can totally destroy an engine. 

4. Foreign objects can enter the engine in many ways—natural winds, prop 
wash, exhausts from other jets, ete. 

5. Poor housekeeping and out-of-date pavement sweepers result in tools or 
parts being left on pavements or in engines. Research and new machinery are 
called for to effectively remove these objects at frequent intervals. 

6. The best solution offered yet is to get these objects off the pavements 
before they can get into the engines, by cleaning up debris near airports and 
screening the intake portions of the engines. 


HOW ASPHALT CONCRETE WAS PUSHED OUT OF MILITARY PAVING COMPETITION 


Until 1950 price alone determined the choice between asphalt concrete and 
portland cement concrete for military paving. The ability of each material 
to do the job has been recognized by all. Then, around 1950, when jetplanes 
took to the sky, the picture on the ground changed. 

The effect of spilled jet fuel and blast on pavements led to the designation of 
“critical” areas. Here concrete was specified. In all other cases, asphalt— 
which has been successfully serving on half our military pavements—could be 
used. But only if the price on the entire contract was at least 5 percent 
less. Since a great deal of other work was normally lumped into a contract. 
asphalt lost out, even when 25 to 35 percent less than portland cement con- 
crete. The Hess committee thoroughly investigated this procedure and con- 
cluded that there was no basis for it. The discontinuance of premium pay- 
ments for portland cement concrete was agreed to by the Air Force as a result 
of the hearings. 

The “critical” areas defined in 1954 were extended on December 20, 1955, 
at the Air Force’s request. As a result, new asphalt concrete construction 
was virtually pushed off military airfields. 

Asphalt has lost the freedom to compete for military pavement contracts. 
That much is clear and certain. The reasons for this situation are not quite 
so clear. They invite further study. 


History in capsule form 


Here is a chronology of events by which asphalt’s competitive position was 
negated for military pavements (brought out in the subcommittee of the Com- 
mittee on Appropriations, House of Representatives, 84th Cong. 2d sess., by 
the subcommittee on Department of the Air Force Appropriation with the 
Honorable George H. Mahon acting as chairman of the committee) : 


1950 to August 1952 


“Competitive bids on asphalt concrete and portland cement concrete pave- 
ments. Contract award based on low bids. Observation of the deleterious ef- 
fect of spilled jet fuel and the temperature and velocity of jet exhaust on 
asphalt pavement during this period prompted the establishment of ‘critical 
areas’ where only concrete would be permitted. These areas were aprons, 
warmup pads, 1,000-foot runway ends, wash racks, and calibration platforms.” 


August 1952 to January 1954 


“Use of concrete on ‘critical areas.’ Competitive bids on asphalt and concrete 
pavement on all other areas with contract award based on low bid. Observa- 
tions of rutting and other indications of structural weakness in asphalt pave- 
ment subjected to the channelized type traffic pattern of B-47 aircraft during 
this period prompted establishment of a 5-percent premium allowance to con- 
crete in the evaluation of competitive bids.” 


January 1954 to August 1954 


“Use of concrete in ‘critical areas’ and use of concrete aiso in other areas, 
if it could be obtained for no more than 5 percent above the bid for asphalt. 
During this period, a House Armed Services subcommittee held open hear- 
ings on the propriety of Air Force criteria. The subcommittee findings con- 
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firmed a requirement for concrete in ‘critical areas’ but suggested deletion of 


the 5-percent premium allowance to obtain concrete in other areas. This 
was done.” 


August 1954 to December 1955 


“Same as the period August 1952 to January 1954. During this period the 
Office of the Secretary of Defense arranged for the conduct of independent in- 
vestigations and the Air Force observed and reported continuing failures of 
asphalt pavement under channelized B-47 aircraft traffic. Request was made 
to OSD for use of concrete for all primary use pavement. This request was 
approved December 20, 1955.” 


December 1955 to present 


Use of concrete for all primary use airfield pavement. Apparently, toward 
the end of 1955 there was confusion, then a quick change of mind, within 
the Office of the Assistant Secretary of Defense, with regard to the relative 
merits of asphalt and portland cement concrete pavements. Queried on the 
subject by the Asphalt Institute, Secretary Franklin G. Floete replied, on Jan- 
uary 6, 1956: 

“Rigid-type airfield pavement has been specified as a requirement for critical 
areas for some time, and either flexible [asphalt] or rigid [portland cement 
concrete] types of airfield pavement for noncritical areas on the basis of lowest 
first cost. This is still the policy of this Department.” 

Two weeks before, on December 20, 1955, he had already informed a member 
of the House Armed Services Committee: 

“* * * that available paving methods, other than portland cement concrete, 
did not possess the necessary qualities of stability and endurance under heavy 
concentrated loadings, high air temperatures, and jet-engine blast and fuel 
spillage.” 

And on the same date, by memorandum to Hon. Donald A. Quarles, Secre- 
tary of the Air Force, Secretary Floete: 

“* * * nermitted to be named as critical areas all the paved portions of air- 
fields except shoulders, runway overruns, and erosion-control areas.” 

This move, in effect, completely eliminated the use of asphalt concrete pave- 
ments on all future airfields to be constructed and used by combat and combat- 
support aircraft. And with no official change ir policy. 

March 11, 1957 

Airfield paving specifications were revised by the Corps of Engineers. The 
new criteria for grade and smoothness tolerance relaxes the adherence to 
one-eighth inch flatness for every 16 linear feet of runway to one-eighth inch in 
12 f et of runway longitudinally, and three-sixteenths inch in a 12-foot transverse 
direction. 

Viewed in the light of continuous public statements that valuable aircraft 
and lives were endangered because runways weren’t flat enough, it appears 
odd that the Air Force has agreed to a relaxation of its previous flatness 
requirements. 


THE KELLY TEST FROM ENGINEERING TO MARATHON 


What started out as an engineering test at Kelly Field, on May 5, 1956, ended 
up as a marathon where one material’s inability to pass a theoretical test doomed 
its future in military. This not-good-enough test strip has been serving as a 
connecting taxiway for the past year, and is in excellent condition. 

It was a winner-take-all decision, except— 

Asphalt concrete had already been banned from the picture 5 months before 
by a Department of Defense order (December 20, 1955) at the Air Force’s 
request. 

General Washbourne’s January 20, 1956, letter to all commands implemented 
this directive, eliminating asphalt from runways and taxiways. Then, the Air 
Force proceeded to test asphalt concrete at Kelly on May 5, 1956—100 days later. 

Two test strips—one of portland cement concrete and the other of asphalt 
concrete—were to be subjected to 30,000 coverages at high temperature (180,000 
landings and takeoffs) far beyond anything which could be encountered in 
operation. 

The asphalt concrete surface had not been designed for the theoretical test 
loads which could never be encountered in practice. 
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Warm Up Pad 


500' 


a aka da Traffic Désign 


End Design 


unway 


A 


25 Ft. 
30 Ft. 


Runway Interior 
Design 


Cr 


75 Ft. 
125 Ft. 


Minimum 
Maximum 


for 75 Ft. Taxiways 
for 100 Ft. Taxiways 


Channelized Traffic 
Design Areas 


Poe Non-Channelized Areas 


TYPICAL LAYOUT OF AREAS TO BE 


DESIGNED FOR CHANNELIZED TRAFFIC 


USAF Installations Engineering Specification 56 - 35 
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Although asphalt concrete surfaces have been built to withstand these loads 
and coverages, the surface at Kelly was not designed for 30,000 coverages at high 
temperatures. 

It was designed for 1,500 coverages (prototype traffic). 

The surface sustained 8,605 coverages. 

Difficulties were encountered in the surface due to too much asphalt in the 
mix—for this test. Within 6 weeks under identical load condition as at Kelly, 
the corps had built and tested large pavement sections for 30,000 coverages 
(this was a 100,000-pound wheel load at 200 pounds per square inch tire pres- 
sures). 

They simply used less asphalt in the mix to achieve the desired type of pave- 
ment. 

Actually, every asphalt pavement requires a special design to provide the best 
combination of wearing ability and maintenance economy. For this accelerated 
traffic (30,000 coverages), a mix containing less asphalt was called for, than 
the 1,500 coverage (prototype traffic) pavement built at Kelly. 

The corps then advised the Air Force that it had a new mix designed con- 
taining less asphalt, which had withstood 30,000 coverages. 

The Air Force did not respond, even though asphalt concrete had shown itself 
able to withstand the test. 

The corps’ main consideration in this test was to determine whether it was 
possible to build a base to withstand this many coverages. The base passed the 
test. 

The surfacing material was not considered to be as important a factor, and 
explains why the corps originally overlooked the fact that the surface should 
have been tested for only 1,500 coverages. The asphalt surfacing would unques- 
tionably have passed the Kelly test if the Air Force had: 

(a) Used 1,500 coverages for the pavement and 5,000 coverages for the 
base, in accordance with its own 1946 criteria, still in effect, but increased 
6 times because of today’s greater traffic. 

(b) Used a lower asphalt content on the test strip, which would have 
prevented displacement. 

For 11 years, since 1946, asphalt pavements have withstood every type of 
operating condition successfully. But the coverages required in the test were 
not based on experience—they were theoretical. When the mix was designed 
for its test purpose, it stood up. 

If the severity of a test is increased without reasonable limit as it was for 
the pavement surface at Kelly, any material or design will show distress. 

And so will the taxpayers if good engineering judgment is not used in estab- 
lishing realistic needs. 

The asphalt paving industry sees no reason why asphalt concrete pavements 
cannot be designed and built to withstand whatever loadings may be called for 
now or in the future. Asphalt concrete is being improved all of the time— 
through constant research and development programs. 

The designers and constructors of the Kelly test section, say: “Asphalt con- 
crete has withstood actual B-47 operations, can sustain theoretical Kelly test 
conditions as well.” 

What really took place at the Kelly test can best be found out from the men who 
furnished the design and specifications and who built the test section. They 
are: 

Design: W. J. Turnbull, Chief, Soils Division; C. R. Foster, Chief of 
Flexible Pavement Branch, Soils Division, Waterways Experiment Station, 
Corps of Engineers, Vicksburg, Miss. 

Constructor: Horace 8S. Kerr, vice president of the H. B. Zachry Co., of 
San Antonio, Tex. 

Commenting on the Kelly test in their joint paper before the second annual 
convention of the National Bituminous Concrete Association in February 1957, 
Messrs. Turnbull and Foster said: 

“The subgrade, subbase, and the base of the flexible [asphalt concrete] pave- 
ment performed satisfactorily and would have withstood 30,000 coverages of 
traffic. 

“Asphalt concrete mixtures designed in accordance with existing criteria are 
unsatisfactory for immediate use by B-47 aircraft in warm climates if the 
aircraft is operated as intensively as the accelerated traffic in these tests.” 


Describing the number of coverages, as excessive, Messrs. Turnbull and 
Foster’s paper says: 
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“Since channelized traffic was occurring at about 6 times the rate of airfield 
traffic prior to the advent of the B-47, the existing 5,000 coverages of accelerated 
traffic as a design requirement was increased to 30,000 coverages as representing, 
the design requirement for channelized B-47 traffic. The design requirement 
for asphalt paving mixtures of 5,000 coverages of accelerated traffic had been 
reduced in 1946 to 1,500 coverages in traffic testing because experience had indi- 
cated that this amount of accelerated traffic applied in hot weather was sufficient 
for establishing design criteria for asphalt concrete paving mixtures. Asphaltic- 
conerete mixtures based on 1,500 coverages of accelerated traffic have success- 
fully withstood prototype B-47 traffic. In the case of the several fields listed 
above with flexible pavement [asphalt concrete] which have been giving trouble 
as a result of channelized traffic of B-47 aircraft, no trouble with the asphalt 
concrete has developed except in one instance where the latter did not meet 
design requirements.” 

No one is in a better position to know how unrealistic the test at Kelly was 
than H. S. Kerr, vice president of the Zachry Co., the man who built the test 
strip and another Air Force base at Bergstrom, Tex. 

“It is my opinion that the severe accelerated concentrated loads applied to the 
best section do not represent the type of usage that will be applied to the run- 
way pavement at any time during its years of service, and that the asphalt 
concrete pavement as constructed on the Kelly Field runway will adequately 
Serve any type of aircraft now in use. There is no doubt in my mind but that 
time will prove this to be true. In other words, I do not think that the test 
loads and the manner in which they were applied to the test seetion, represent 
in any degree the type of loads and methods of application of normal airplane 
traffic on the runway pavement. Also, these test loads were applied to a newly 
constructed pavement before it had seasoned. 

“An inspection of the asphalt concrete pavement on the runway after 1 year’s 
usage reveals that the pavement is in excellent condition.” 

Calculations have indicated that it would take as much as 30 months of actual 
operations to duplicate the accelerated test conditions. And the seasonal 
changes would allow the pavement to cool off and restore itself during this time. 

An interesting example cited by H. K. Griffith, executive director of the Na- 
tional Bituminous Concrete Association, brings out the impossibility of ever 
encountering anything near 30,000 coverages in operations. He points out that: 

“According to recent newspaper reports, the Air Force plans to stop construc- 
tion of B—52’s when the number has reached 600. And all these planes will 
not be built until 1958. But let’s assume that we have the 600 B—52’s now and 
an equal number of B—47’s or 1,200 of these planes altogether. If operations 
came close to the 500 test coverages a day at Kelly, the entire fleet would be 
landing and taking off 244 times each day at every one of our SAC bases at 
the same time—continuously. 

“In addition to the impossibility of this ever taking place, how would these 
planes be serviced? And would the Air Force permit such a concentration of 
planes in one place because of the perfect target it would make?” 

Mr. Griffith continued: 

“It’s obvious that we are building and paying for much heavier pavements 
than we require for actual operations. It is advisable to build a substantial 
foundation, and when it becomes necessary, the surface can be strengthened 
when and if needed, to accommodate heavier planes or more traffic.” 


THE AIR FORCE HAS BANNED ASPHALT CONCRETE, BUT STILL BUILDS NEW PAVEMENTS 
FROM THIS MATERIAL 


Air Force bans asphalt, December 20, 1955 


After requesting and receiving the Assistant Secretary of Defense’s approval 
to exclude asphalt concrete from primary military pavements, on December 20, 
1955, and implementing this new criteria, the Air Force is still using this banned 
material for new construction, resurfacing, and repairs. 

The Air Force complains about asphalt concrete, while asphalt is used, O. K’d’ 
and paid for by the Air Force. 

Examining both the Air Force’s paving policy and its construction activities 


leaves much to be explained, especially when the dates of various projects are’ 
considered. 
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Air Force builds new asphalt SAC base, November 1956 


Eleven months after banning asphalt concrete, a contract for an asphalt con- 
crete runway at a SAC base in Columbus, Miss., was awarded to the R. G. Foster 
Co. of Wadley, Ga., for the construction of a 300- by 10,000-foot main runway. 
The asphalt concrete design calls for a 24-inch binder above which is a layer 
of 114-inch asphalt. The runway ends will be of portland cement concrete. 

And here are more Air Force contradictions : 


January 7, 1957 

Gen. Curtis E. LeMay, said: 

“* * * We have only two bases which can handle B-52’s—at Merced, Calif., and 
at Limestone, Maine. 

Both of these fields have asphalt pavements. 

February 1956 

Gen. L. B. Washbourne said : 

“* * * contractors, by and large, do not produce laboratory-type blacktop 
pavements on our bases.” 

He implied that there aren’t enough contractors who can build the laboratory- 
type of material which the Air Force requires. Yet, half of our military pave- 
ments are of asphalt concrete and continue to serve under heavy operating 
conditions. 

Perhaps General Washbourne can explain who built these pavements which 
the Air Force accepted and paid for, and which our aircraft is now using. 

If asphalt isn’t serviceable, why is it accepted by the Air Force’s installations 
engineers? Isn’t someone—either General Washbourne, who flatly condemns all 
asphalt, or the Air Force’s installations engineers who approve it—very wrong? 
Air Force bans asphalt, August 1956 


Four months prior, in July 1956, an asphalt concrete contract at Dow Air Force 
Base, Bangor, Maine, was renegotiated to portland cement concrete at almost 
double the cost. This resulted in an excessive expenditure of $2,964,401. 

The Air Force’s devices of renegotiating asphalt concrete contracts to portland 
cement concrete and withdrawing or eliminating asphalt concrete competition 
from Government contracts are treated in detail in section F. 


LACK OF ASPHALT COMPETITION MAKES FOR EXCESSIVE EXPENDITURES IN THE 
MILLIONS AT AIR FORCE BASE 


$124,000,000 saved from February 3, 1954, to December 20, 1955, resulting 
from the Hess hearings’ establishment of free competition in military 
paving. 

$26,000,000 in excessive expenditures, December 20, 1955, to date resulting 
from the AF’s disregard of its agreement with the Hess committee, per- 
mitting free competition. 

$28,000,000 still can be saved today to fiscal year 1960 if asphalt conerete 
is permitted to compete on an equal basis in noncritical areas. 


These are some of the issues which have become apparent through the 
Air Force’s elimination of asphalt concrete from military paving competition. 
Today there are 328 million square yards of airfield pavement at the Air Foree’s 
350 bases (of all types) which have increased from 125 million square yards 
since 1950. 

This threefold increase in 7 years has come about to a large extent because 
of more numerous and larger aircraft. 

During the next two and a half years, by 1960, another 17 million square 
yards of paving will bring the total to 345 million square yards, according to 
recent figures by Col. Paul K. Walker. 

Col. Paul K. Walker, Chief, Maintenance Division, Directorate of Facilities 
Support, ACS/I HQ USAF, presented these figures at the Pavements Main- 
tenance Conference, Colorado Springs, Colo., May.1956. They are shown in the 
form of a graph on page M1-2. The statistics he presented have been added to 
by the National Bituminous Concrete Association, Inc. Included were costs, 
Savings, dates, and interpretations. 
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Although the new construction illustrated on this chart represents between 
3 and 4 billion dollars in investments, only a part of the entire picture is re- 
vealed. Strengthening, repairs, and replacements of old or damaged pavement 
constitutes large expenditures which are a part of new construction rather than 
maintenance. 

The proper use of the material is of great importance as there are millions 
of square yards at many of the Air Force bases. A difference of 2 or 3 dollars 
per square yard between paving material runs into the millions of extra ex- 
penditures at each air base. 

Just such a difference in price per square yard of paving material has been 
explored in detail in section B. According to Earle C. Peck, supervising civil 
engineer, Technical Training AF: Portland cement costs 88 percent more ($3.29) 
per syuare yard than asphalt concrete for heavy duty pavements (p. B1-2). 

Engineering calculations by the National Bituminous Concrete Association, 
Inc., are the source of the figures at the top of the chart, page M1-2. It was 
assumed that an equal amount of portland cement concrete and asphalt concrete 
pavements (50-50) were involved in the chart. General Washbourne has re- 
vealed that this was approximately the distribution during 1950-55. 

Using the chart’s statistics, here is how the sums of money were arrived at: 


February 3, 1954 to December 20, 1955: 75 million square yards times (50 
percent asphalt concrete) at $3.29 per square yard=$124,000,000 saved. 

December 20, 1955 to date: 16 million square yards times (50 percent as- 
phalt concrete) at $3.29 per square yard=$26,000,000 excessive expenditure. 

Today to 1960: 17 million square yards times (50 percent asphalt concrete) 
at $3.29 per square yard=$28,000,000 still can be saved. 


The cost comparisons of new resurfaced and repaired military pavements at 
many Air Force bases show clearly that asphalt concrete costs less than portland 


cement concrete, frequently half as much. These are shown on the following 
five pages, M1-5 through M1-9. 


REFERENCES FOR COST COMPARISON CHARTS 


1. Brig. Gen. R. E. L. Eaton’s letter of September 2, 1952, to the Honorable 
Carl Vinson. 

2. Earle C. Peck, supervising civil engineer, Headquarters, Technical Training 
Air Force, presented a paper, “Pavement Problems of Air Training Command,” 
at the Pavements Maintenance Conference May 28, 1956, at Colorado Springs, 
Colo. His paper dealt with military airfield pavement contracts for the May 
1, 1953, to June 30, 1954, period. The information was obtained from the August 
1955 Department of Defense special report entitled “Effects of Military Aircraft 
on Airfield Pavements.” 


3. Earle C. Peck’s reference to the “USAF Pricing Guide” at the Pavements 
Maintenance Conference. 

4. Bernard Gray, the Asphalt Institute’s former president, presented price com- 
parisons between new portland cement concrete and asphalt concrete construc- 
tion for the Plattsburg AFB, N. Y., 1951-54, before the Hess committee (Febru- 
ary 3-8, 1954). 

5. Byron Schumacher, chief engineer of the Asphalt Paving Co., Coral Gables, 
Fla. Cost comparisons betwen new portland cement concrete and asphalt con- 
crete construction at Homestead AFB, Dade County, Fla. 

6. Smith Engineering & Construction Co., Pensacola, Fla. 

7. Seott A. Baker, executive secretary of the Michigan Asphalt Paving Asso- 
ciation, Ine., on his May 14, 1957, inspection of the Lockbourne AFB, Ohio, ob- 
tained this cost information for pavement resurfacing and strengthening carried 
out during 1951. 

8. A. A. Anderson, chief highway consultant, Portland Cement Association, 
presented the May 1956 resurfacing costs of the Selfridge AFB, Mount Clemens, 
Mich., at the Pavements Maintenance Conference. 

9. Leslie B. Crowley, Jr., Chief, Pavements and Railroads Section, Maintenance 
Division; Assistant Chief of Staff, Installations Headquarters, USAF, presented 
a paper entitled “Engineering Supervision of a Scheduled and Systematized Pro- 
gram for Maintenance and Repair of Pavements,” at the Pavements Maintenance 
Conference. Repair costs of Mountain View AFB, Colo., were included. 

10. Charles E. Cobb, president, Jackson Construction Co., Jacksonville, Fla. 
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Now, in the interest of saving time for the committee, I will not 
read my prepared statement, but I ask that it be entered into the 
record, 


I should like to comment on it extemporaneously, very briefly. 
(The statement of Mr. Griffith is as follows :) 


STATEMENT or H. K. GRIFFITH 


I will try to present to you the highlights of the National Bituminous Con- 
crete Association’s fact-gathering efforts over the past year and a half which 
show the durabiljty, serviceability, and economy of asphalt concrete. The as- 
sociation’s members are in accord with the findings of this committee’s investiga- 
tions and conclusions in 1954 where asphalt concrete was limited to noncritical 
areas. 

However, the association’s members strongly feel that asphalt concrete is com- 
petitive and at least as good as portland cement concrete for runways and taxi- 
ways for all types of traffic. The best proof of this is that when portland cement 
concrete pavements fail repairs are practically always made with asphalt con- 
crete. 

A great majority of our pavements are today carrying aircraft which are 
much heavier than that for which they were designed. The result has been 
overloading and consequent distress of certain pavements. In this respect, fail- 
ures of portland cement concrete, as well as asphalt concrete, have taken place 
and more can be expected to occur. Failures in pavements do not represent 
dangerous conditions, but rather that repairs are needed. 

For the committee’s true evaluation of the facts, it is essential that the per- 
formance of both pavement types be presented so that true performance 
can be seen. Only by comparing one type against another is it possible to see 
the accurate picture. Good as well as bad features and performance of both 
pavement types are discussed for this reason. 

Asphalt-concrete pavements have performed under the most severe military 
traffic conditions at scores of aircraft bases. To mention a few: Lockbourne, 
Bergstrom, and Loring Air Force Bases have handled heavier traffic than for 
which the pavements have been designed. Also, in many cases, asphalt concrete 
has been serving in critical areas without damage to the pavement—installed 
before this committee met in 1954. 

It is interesting to note that the fears of the Air Force that jet operation 
would severely impair the readiness of Air Force bases have completely failed 
to materialize. 

By and large, the Air Force relies on asphalt concrete to repair, modernize, 
and strengthen its existing pavements, whether built of portland cement con- 
crete or asphalt concrete. In spite of paper criteria which banned asphalt, 
the only practical way to strengthen pavements is by overlaying with asphalt 
concrete. Damaged or weak pavements are restored to a new condition, which, 
for all intents and purposes, give assurance of a long service life with little 
maintenance. 

As General Wilson stated last week, asphalt concrete is essential to the Air 
Force’s building and maintenance of bases throughout the world. There are 
some areas where high-quality aggregates are not available for portland cement 
eoncrete and in Arctic regions it is too cold and impractical to build pavements 
from portland cement concrete. These factors make it essential that con- 
tinuing progress and research be maintained so that asphalt concrete be im- 
proved to withstand the higher loads and greater amounts of traffic which these 
pavements must sustain. 

Also, in time of emergencies, the asphalt industry would be able to restore 
damaged airports immediately and build new ones. 

The presence of the fifteen-hundred-odd asphalt-concrete contractors through- 
out the United States helps to keep all paving prices down. 

Asphalt pavements continue to be built, designed, and accepted by the Air 
Force's installations engineers and the Corps of Engineers. The reason that 
these pavements win out on competitive contracts (when they are allowed an 
even chance to compete) is that a widespread organization of over 1,500 
skilled asphalt contractors throughout the United States are equipped to pave air- 
ports and highways economically. 

Contractors who pave with asphalt concrete are many times more numerous 
than. those who pave with portland cement concrete. The majority of the 
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1,500 asphalt contractors in the business can best be described as small busi- 
ness, although some of the larger contractors have as many as 1 or 2 dozen 
individual asphalt plants operating on various jobs. 

The asphalt contractors’ countrywide distribution and their mobility brings 
bidders out for Government work in large numbers, resulting in the lowest 
paving cost. 

The chart of asphalt contractors by States shows their widespread distribution. 

Asphalt concrete’s economy showed up clearly under our competitive-bidding 
system until banned in December 1955. Frequently the economics are as high 
as 20 to 50 percent of the total cost and at Homestead AFB, they were 300 
percent. 

Time and time again it has been demonstrated that if options are permitted 
on Government bids, many more contractors bid, and the cost is less. On airfield 
paving contracts this amounts to considerable sums of money, running into 
the millions on each airport. The facts are clear—brought out by the United 
States Air Force’s Earl ©, Peck, supervising civil engineer. For heavy duty 
pavements (the type mostly being built by the Air Force) portland cement costs 
88 percent more ($3.29 per square yard) than asphalt concrete. These figures 
apply for the May 1, 1953, to June 30, 1954, period. More recent costs based 
on the latest USAF Pricing Guide show savings of $4 per square yard for 
asphalt concrete. 

Last week, General Wilson cited costs of $6.89 to $3.67 for portland cement 
concrete and asphalt concrete. Portland cement costs 88 percent more ($3.22 
per square yard) than asphalt concrete. 

When it comes to repairing and strengthening old pavements, asphalt con- 
crete’s economics and advantages are truly impressive. 

It is impossible to keep surfaces from wearing and new aircraft impose heavier 
loads upon the pavements than they were originally built to stand, making 
modernization mandatory. 

As an example, today’s gear loads are 100,000 pounds for B-47’s and 240,000 
pounds for B-52’s, compared to only 15,000 pounds in 1946. This is an increase 
of about 16. times. Resurfacing and strengthening with asphalt concrete is the 
most economical, fastest and most practical way of modernizing pavements. 
The only other alternative is to either remove and replace the old portland 
cement concrete with a new slab, or to place a second portland concrete slab 
over the old. Frequently, this overlay is as thick as the original pavement 
and costs as much. 

Not so with asphalt concrete. The cost is very small for resurfacing an old 
pavement—just a fraction of the new one. What is even more important is 
that the new surface is as good as a new pavement would be if built from the 
ground up, when properly designed and constructed. 

The difference in repair costs by each of the two methods is vividly demon- 
strated by noting the price of repairing both types of pavement at the Mountain 
View Air Force Base, Colo. This is shown on the chart. Replacing and repair- 
ing 8,473 square yards of overloaded portland cement concrete pavement cost 
$126,300—an average cost of $14.90 per square yard. Compare these costs with 
asphalt concrete repairs at the same base. The 134 square yards which had 
to be repaired for reasons other than pavement difficulties, such as inadequate 
drainage, came to $550—an average cost of only $4.08 per square yard. It costs 
almost four times as much to restore the portland cement concrete as it cost to 
restore the asphalt concrete at this base. 

One of the frequently referred to costs are maintenance costs. Capt. G. C. 
Bill of United States Navy brought out that the cost of maintaining either of the 
two pavements is about the same because of the continuing joint filling cost on 
portland cement concrete. On the other hand, there are many bases which 
have asphalt concrete in service, such as Bergstrom where no maintenance has 
been required for a period of over 4 years. Cost records for either material 
are not readily availiable to show the exact maintenance cost of each but it is 
apparent that portland cement concrete requires considerable maintenance, 
notable for joint filling and repairing of spalled surfaces, particularly around 
the expansion joints and the reaction of chemicals used in de-icing. 

The Air Force’s paving policy is contradictory. Officially, the Air Force has 
banned asphalt concrete. But pavements of this material continue to be built, 
used, okeyed, paid for, and accepted by the Air Force. 

One outstanding example is shown at a SAC base in Columbus, Miss., where a 
10,000-foot-asphalt-concrete runway is now under construction. 
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Because the Air Force has not abided by its agreement with this committee 
in allowing free competition for asphalt concrete paving, additional expenditures 
have resulted. Although it is not possible to pinpoint all of them, a few are men- 
tioned here. An item-by-item tally at only 8 AF bases amounts to $6,830,081. The 
excessive expenditures which took place from December 20 until today are esti- 
mated at $26 million. Specifically, these overexpenditures came about by 3 Air 
Force devices of eliminating asphalt concrete competition from Government pav- 
ing contracts. 

Device No. 1.—\Asphalt concrete low bids were renegotiated and portland 
cement concrete substituted at a higher price. At Dow Air Force Base, this came 
to $2,964,401. At Grand Forks Air Force Base, this came to $474,878, and at 
Alexandria Air Force Base $324,270 was involved. 

Device No. 2.—Asphalt concrete options were withdrawn from bids which had 
already been advertised. Overexpenditures at 3 Air Force bases are shown. 
At George Air Force Base, there was an overexpenditure of $50,000; at Davis- 
Monthan Air Force Base, an overexpenditure of $185,000, and at Gieger Air Force 
Base, an overexpenditure of $201,532. 

Device No. 3.—Asphalt concrete options were completely omitted from bids. 
At 2 bases the amounts were $2,500,000 at Sheppard Air Force Base and $130,000 
at Davis Air Force Base. 

Personal feelings, rather than engineering facts or operational requirements 
seem to have determined the Air Force’s preference for portland cement concrete, 

Erroneous impressions have been picked up in the press as a result of these 
blanket condemnations of asphalt concrete by the Air Foree. The impression 
that only asphalt fails is obviously inaccurate in light of General Washbourne’s 
statement at the pavements maintenance conference in May 1956, “You will be 
confronted with spalling, broken slabs, base failures, and similar problems for a 
long time to come.” 

A few months earlier, in February 1956 at the meeting of the Associated Gen- 
eral Contractors, General Washbourne said: 

“Concrete (portland cement) can take it; blacktop can’t.” But as we said 
before, the truth of the matter is that all pavements have difficulties and it is 
not fair to the American public who pays taxes for high-cost pavements, or to 
the United States Government, or the asphalt industry, to blame asphalt for all 
pavement difficulties. 

Asphalt concrete has withstood heavy jet aircraft operation, as well as Air 
Force criticisms. 

Several investigations by the Corps of Engineers, the Navy, the Highway Re- 
search Board, and the Air Force installations engineers have approved this ma- 
terial for new construction, repair, and strengthening of old pavements. 

Where difficulties have been experienced with flexible pavements, specific 
causes such as poor design or construction were found to be the reasons. Fail- 
ure of the subgrade or compaction in the subgrade were the actual or con- 
tributing factor in many of the failures. 

The Highway Research Board, at the request of the Department of Defense, 
appointed a committee of pavement specialists to study the effects of aircraft 
operation on military airfield pavements. This committee, composed of engi- 
neers eminent in their particular fields, conducted a study at 27 Navy, Marine, 
and Air bases within the United States. The committee found that asphalt 
concrete was serviceable and durable in noncritical areas. 

The Air Force’s complaints about asphalt are the reasons given for banning 
this material for pavements. The complaints fall into three categories: 

I. Pavement failures. 

II. Uneven surfaces. 

III. Loose particles. 
Let’s examine the facts: 


Air Force complaint No. 1: Pavement failures from all cases 


Every alleged asphalt failure made public was traced to other factors. 

Investigating groups included the Air Force itself, the Corps of Engineers, 
the Highway Research Board, the Asphalt Institute, and consulting engineers. 

Yes, there were difficulties—but from other causes. The fault was traced to 
poor design, poor construction, poor maintenance, and poor coordination be- 
tween aircraft research and design; and pavement construction. 
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Air Force complaint No. 2: Uneven pavement surfaces 


Bouncing (porpoising) of aircraft has been blamed entirely on asphalt pave- 
ments by the Air Force. Investigation has revealed that this also happens on 
portiand cement concrete pavements. 

The Air Force proposed to eliminate this bouncing, so dangerous to crew and 
planes, by specifying “absolutely smooth pavements.” These requirements 
were met by asphalt contractors. Then suddenly, on March 13, 1957, the Air 
Force relaxed its requirements. 

Why? 

Isn't bouncing dangerous any more? 

The Corps of Engineers, South Pacific division, conducted a grade control 
conference in San Francisco, Calif., on January 25, 1956, to deal with this 
problem. Attended by the corps, the Air Force, the Asphalt Institute, and 
leading engineers and contractors, the problem and possible remedies were dis- 
cussed. It was clearly indicated that aircraft bounced on all pavements, and 
that many factors are involved in addition to pavements. 


Air Force complaint No. 3: Loose particles from broken pavements 


Jet engine damage from loose particles has been blamed entirely by the 
Air Force on asphalt pavements. 

The recent Department of Air Force appropriations hearings (in May 1957) 
indicate that damaged portland cement concrete pavements are responsible in 
a large measure for jet engine damage. 

The National Advisory Committee for Aeronautics found that loose particles 
from portland cement concrete pavements were sucked into jet planes more 
readily than from asphalt pavements. These findings, based on research, re- 
vealed that particles lodged in portland cement concrete joints are blasted up 
as high as 8 feet and sucked into jet engines. Particles move sideways on 
smooth asphalt surfaces, and not up. 

-2avement criteria changes came faster than new aircraft models since the 
latter part of 1955. The major criteria changes are demonstrated by using 
Pinecastle Air Force Base, Orlando, Fla., 1s an example. Following the 
February 3, 1954, hearings this committee designed critical areas where port- 
land cement concrete was considered desirable (runway ends, blast pads, fuel- 
ing aprons, wash racks, etc.). All other areas, such as primary runways and 
taxiways, were considered as being equally well served by either type of pave- 
ment. The critical areas are shown by the shaded areas on the chart. 

On May 3, 1955, the Corps of Engineers issued an interim criteria for channel- 
ized traffic. This criteria required heavier pavement design in areas of ckan- 
nelized traffic. This is shown by the dotted line on the taxiways connecting 
primary runways and fueling aprons. 

The Air Force, December 20, 1955, criteria specified all portland cement 
concrete for all primary runways and taxiways. 

Let us stop and consider what this means in additional paving costs if only 
portiand cement concrete had been used on this base. Mr. Peck’s or General 
Wilson’s price differential is $3.29 or $3.22 per square yard between the two 
materials. All areas shown are approximate. There are 542,000 square yards 
of runway pavement (excluding critical areas). The extra cost for this 
amounts to $1,780,000. On taxiways there are 152,000 square yards. This 
amounts to an extra $500,000. The runways and taxiways together would cost 
an extra $1,932,000 if asphalt concrete had been eliminated from competitive 
bidding when this base was built in 1954. 

Here, gentlemen, we have almost $2 million at one base which was saved as 
a result of competitive bidding—a common procedure until the Air Force adopted 
its one-material policy. 

General Wilson has said that only 16 asphalt-built bases required some kind 
of repair from channelized traffic. How much does this amount to? Consider 
the cost of a few million for the use of portland cement concrete at each base 
against the small repair costs which may be needed from time to time for re- 
pairing taxiways damaged by channelized traffic. And let us also remember that 
portland cement concrete taxiways also suffer from this same difficuity. 

The $3.29 extra per square yards adds up to tremendous sums when one con- 
siders the 350 bases in the Air Force base operation. Here is what this $3.29 
difference between the 2 paving materials means: 

$124,000,000 was saved as a result of the Hess hearings’ establishment 
of free competition in military paving from February 3, 1954, to December 
20, 1955. 
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26,000,000 in excessive expenditures resulted from the Air Force’s dis- 
regard of its agreement with the Hess Committee, permitting free competi- 
tion from December 20, 1955, to date. 

$28,000,000 still can be saved if asphalt concrete is permitted to compete 

on an equal basis in noncritical areas from now until fiscal year 1960. 
Although the new construction illustrated on this chart represents between 
three and four billion dollars in investments, only a part of the entire picture is 
revealed. Strengthening, repairs, and replacements of old or damaged pave- 


ments constitute large expenditures which are a part of new construction rather 
than maintenance not shown here. 


Engineering calculations by the National Bituminous Concrete Association, 
Inec., are the source of these approximations. It was assumed that an equal 
amount of portland cement concrete and asphalt concrete pavements (50-50) 
were involved in the chart. General Washbourne has revealed that this was 
approximately the distribution during 1950-55. 

Using the chart’s statistics, here is how the sums of money were arrived at: 

February 3, 1954, to December 20, 1955: 75 million square yards times 
(50 percent asphalt concrete) at $3.29 per square yard, $124 million saved. 

December 20, 1955 to date: 16 million square yards times (50 percent 
asphalt concrete) at $3.29 per square yard, $26 million excessive expenditure. 

Today to 1960: 17 million square yards times (50 percent asphalt concrete) 
at $3.29 per square yard, $28 million still can be saved. 

The cost comparisons of new, resurfaced, and repaired military pavements at 
many Air Force bases show clearly that asphalt concrete costs less than portland 
cement concrete, frequently half as much. These are shown on pages M1-1 to 
M1-10, of the National Bituminous Concrete Association, Inc.’s, presentation 


entitled “Facts Show Asphalt Can Take It.” 

Mr. Grirritu. We feel that the Corps of Engineers in its testimony 

Gees here during these hearings has done a magnificent job in 
oring to the heart of the problem facing us, and that their forthright 
testimony and straightforward answers are to be commended. 

We have the utmost confidence in the cor ps’ ability to solve the 
problems facing us now, and future problems that may arise, if they 
are provided adbquate funds to continue their research and testing as 

was developed by their own witnesses during these hearings. 

I refer specifically to the testimony of “Mr. Foster, in which he 
pointed out that last year, fiscal 1957, they had had $400,000 for experi- 
mental work which was less than was intended and now they have 
a program presented to the Air Force that will cover a period of 4 
years in which they request $800,000 a year. 

There is a great deal of testimony on that question, and I urge you 
to give it serious consideration. 

They also testified that had they been able to continue their test 
now in progress, they perhaps would have been able to give you the 
answers that you were seeking as to the ability of asphalt to meet the 
requirement for channelized ‘traffic on these heav y bomber bases. I 
would like to point out, too, that they did say that they were almost 
at the conclusion of those tests and that within a very short time the 
results would be known. 

We believe in a very short time the results would be known. 

We believe that they will prove without question that asphalt can 
do that job, of meeting the requirements of channelized traffic. 

We also believe that in a reasonable length of time they will be 
able to give you the answer which will be favorable to the tests 
that they propose to conduct for the 325,000 pound gear loading. 

This committee in its wisdom established a design criteria during 
its 1954 hearings that dealt with the then known problems. 
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That was damage from jet blast and fuel spillage. While we felt 
that there was ov eremphasis perhaps—and this is an opinion—placed 
on the severity of the damage from these two causes, nevertheless, 
we recognized it was a problem and we accept without qualification 
the committee’s decision and recommendation as to the critical areas, 

You want to display the chart [addressing Mr. Schiwartz] ¢ 

Now then, through the mass of testimony heard by the committee, 
we come to another problem. 

That is an outline of the Pinecastle Air Force Base, Orlando, Fla., 
showing parallel runways, taxiways, aprons, and so forth. 

The shaded parts depict the so-called critical areas, as pointed out 
by this committee, and recommended that the Air Force use portland 
cement concrete to alleviate the blast damage and the fuel spillage. 
Now, it is only recently that another problem was developed, as it 
was pinpointed here in the earlier testimony, and that is of channel- 
ized traflic. 

The Corps of Engineers on May 38, 1955, recognized the channel- 
ized traffic problem. This overlay doints out the restricted areas 
where channelized traffis is now a problem. You will note the dotted 
lines through the runways on the 500-foot ends—the dotted lines 
through the taxiways, the 500-foot ends of the runway, and through 
parts of the aprons. 

Now, that is really the hub of this whole matter. That is the whole 
problem, of what to do about the channelized sections. There is 
really no other problem. 

It has been established by the Corps of Engineers that either type 
of pavement would successfully perform in these so-called areas, and 
that that they feel they are on the verge of a breakthrough to the 
point where they can say without question that they can “build an 
asphalt pavement that will meet the needs of the Air Force for chan- 
nelized traffic, the 52’s. They haven’t reached the point, yet. Their 
safety factor is so high—and we commend them for taking that 
position. 

But in a matter of weeks, we believe they will be able to give a posi- 
tive answer. 

Now, I would like to point out, on the taxiways, that channelized 
area only comprises one-third of the overall area of the taxiway. 

It is also in the 500 feet of the runway ends that are already con- 
sidered critical. 

So the real problem that we now have is that of channelization. 

Now, General Wilson, in his testimony, on page 236, pointed out 
that since 1952, a certain number of square yards of asphalt pave- 
ment had been built on 105 airbases throughout the United States, 
and overseas. In 10 of the 13 heavy-load pavements which showed 
distress, the problem was confined to areas subjected to channelized 
traffic. The other two were on light-duty airfields. This presents a 
condition of overuse by producing approximately six times the num- 
ber of load repetitions assumed in the design prior to 1954, which in 
effect admitted the areas in which that damage oc curred were not 
designed to meet this special problem 

In fact, he goes on to say that deficient design and construction 
was primarily the cause of distress in the other four cases investi- 
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gated. That is the difference between the 13 and the 16 or 17 bases 
that he had reference to. 

I would like to point out further that in his testimony he said in 
June 1955 a new design criteria was prepared by providing for the 
channelized traffic of B-47’s. In March 1956 similar criteria for the 
channelized traffic and increased loadings of the B-52 were assumed. 

Now, in that change in criteria of June 1955 for channelized B—47 
traffic, it was pointed out, or it is pointed out, that that change in 
criteria was not confined to rigid pavements alone. It was confined to 
both types of pavements. 

Even the Air Force in its existing design criteria provides for chan- 
nelization only on the 500-foot ends of the runway. 

So in effect, the interior portion, the 10,000 feet by 300 feet width 
of runway, is not a problem subjected to channelized traffic. That 
leads us to another point which is most important to all of us, and that 
of economy. Our contractors do not feel our financial duty can be 
mortgaged by the elimination from competition of asphalt concrete 
pavements. 

It has been repeatedly pointed out to you that there is a very definite 
economic advantage between the two types of pavement, and also the 
fact that competitive bidding does provide even closer competition 
which results in benefits to the Government. 

Now, I would like to use another chart to point out our estimates 
of savings that have occurred and excessive expenditures that have 
occurred and savings that may be made over the next 2 years. 

We have here a chart showing square yards of airfield pavement 
for the various years. 

The source of this information is a document called Report of 
Pavement Maintenance Conference, held at Colorado Springs by the 
Air Force. 

Mr. Courtney. We have a copy of those proceedings in the commit- 
tee files, Mr. Chairman. 

Mr. GrirritH. You havea copy, Mr. Chairman. 

From February 3, 1954, to December 20, 1955, there was approxi- 
mately 75 million square yards of airfield pavement constructed. 

Now, using the figures of Mr. Peck—and the reference is contained 
in my prepared statement, who is a civil employee of the Air Force— 
or the cost differential as pointed up by General Wilson, and the state- 
ment of General Washbourne in previous hearings, not necessarily 
before this comraittee but other committees, where he said that ap- 
proximately half of each type pavement was used—as a result of this 
committee’s hearings in 1954, and the accepted critical areas as defined 
by you, this Government saved $124 million. 

Now, with the coming of the new criteria, which practically elimi- 
nated asphalt concrete from competition, December 1955 to today, 
there has been approximately 16 million square yards of additional 
pavement built. 

Now, if we assume that half of that yardage would normally have 
gone to flexible pavement if it would have been permitted to compete, 
and using the same price differential, then there has been $26 million 
in excessive expenditures. 

Now, let’s look at the future. 


We have extrapolated the yardage figures taken from the document 
I mentioned. 
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There appears to be still 17 million square yards of new pavement 
to be constructed, using the same figures, there can still be $28 million 
saved if our contractors are permitted to build competitively. , 

The next chart. On this chart, is a map of the United States, with 
the States outlined, showing the number of contractors who are 
equipped to bid on airfield paving work, that is asphalt work. 

You will notice that there is a very fair distribution, with the ex- 
ceptions of maybe some of the west central portion of the country. 

Nevertheless, these contractors are not bound by State boundaries. 
They move around. The fact is that not only have they not been per- 
mitted to bid on the SAC bases where this channelized traffic occurs, 
but they have not been permitted to bid on even National Guard bases, 
that is Reserve bases, as well as air command defense bases, and all 
those bases where the light wheel loads are required. 

Now, again, I return to the testimony of General Wilson, when I 
say, when I repeat that he pointed out that both types of pavement 
were absolutely necessary to the Air Force. 

One of the reasons he gave was because it was more practical to 
use it in the colder climates, and in areas where certain aggregates 
were not available for use with portland cement concrete. 

But are we to choke off the industry and all this other vast area, 
and if we do will we be able to perfect our techniques, continue our 
work, and be able to serve this Government in time of real need? Which 
we are, as you can see, prepared to do. 

The flexibility that our organization has with reference to moving 
in and moving out and getting a job done, whether it is under pressure 
or normal procedure, and the adaptability of lower type aggregates to 
use in asphalt cement is well known to the entire industry. Therefore, 
we feel this committee will in its wisdom arrive at some equitable 
solution to the problem. 

Mr. Héserr. Mr. Griffith, you have heard a great deal of discussion 
about the Kelly tests. Was your association in possession of any 
knowledge that the test was to be conducted ? 

Mr. Grirriru. Yes, sir, Mr. Hébert, we did know about it indirectly. 

Mr. Hénerr. You were never informed formally or officially ? 

Mr. GrirrirH. No, sir, not until after the completion of the test. 

Mr. Hézserr. What did you do after the completion of the test? 

Mr. Grirrirx. If I may be able to narrate, I will point up step by 
step what happened. 

As you know our group is relatively new, or was at the time the 
Kelly test was in progress. We heard about it because a member of 
our association was at that time engaged in building—rather doing 
construction on Kelly Field proper. And his firm, the H. B. Zachry 
Co. did build the test portion—both the flexible and the rigid portions, 

We kept in contact with the progress of that test through our mem- 
bers. When it began to show distress, we knew about it. And in a 
relatively short time, as you all know, the test was discontinued. 

We recognized the importance of that test and what it might do to 
our industry, what it might lead to, how the implications could earry 
over—and I might say they have carried over—into other paving 
fields, such as the paving of civil airports and the highway field. 

We called a meeting of all our contractors who are familiar with 
airfield construction, especially those from ‘the Southwest, in San 
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Antonio, Tex. At that time the test had been discontinued. We 
were permitted to visit and observe it. We spent one morning there, 

After we had had an opportunity to look over it and talk to the 
engineer in charge, we held a meeting in a hotel in San Antonio, Tex., 
to talk among ourselves and express our opinions as to what had 
happened. 

Now, I will give you these expressions as we got them from our 
members—these practical fellows who do this work all the time. 

There was considerable speculation as to the mix design, the grada- 
tion of the aggregate, the type of asphalt used. It, incidentally, is 
known to the trade as a tender type asphalt, one that doesn’t set up 
quite as quickly as another type. ‘There was considerable speculation 
as to the use of an additive, known to us as a liquid that is put into 
the asphalt to permit it to coat faster, to coat wet stone, et cetera. 

But the general theme revolved around the fact that there was an 
accelerated test under high temperatures and in no way reflecting a 
true test, that is, insofar as to the performance of that pavement un- 
der normal operating conditions. 

Now, those are opinions as expressed by our people. After that 
meeting I was instructed to go to Vicksburg and visit Mr. Turnbull 
and Mr. Foster, in an attempt to determine what had happened. 
What in their opinion was the cause. 

I did that, I might say I was very graciously received and given 
every bit of information they had. And they concurred, that is, we 
concur in their findings. They felt, first, that there was too much 
asphalt used in the pavement, in the mixture, and maybe 2 or 3 other 
minor things that are of no consequence. 

We offered at our expense to replace the damaged pavement at no 
cost to the Government, if the test would be continued, using a differ- 
ent type of mix. 

When I was in Vicksburg, Mr. Turnbull advised me—when I made 
him that proposition—that he understood that there had been a con- 
ference held at Kelly Air Field, at which time it was decided to dis- 
continue the test. 

Of course, we still were interested in what happened. And the 
same contractor who built it originally—and this may clear up some 
questions that came along through the hearing—was requested to 
furnish a price of removing the whole thickness, 5 inches—now, un- 
derstand, the base had not been disturbed. It showed no sign of dis- 
tress. The distress was in the upper layers. 

This contractor was asked to furnish an estimate on the cost of 
removing the whole 5 inches and replacing it. He did that. 

It was felt, according to the contractor, that that cost was excessive 
and he was asked for another price or quotation on removing only 
that portion on the top that had deformed or rutted. He gave them 
a price on that and was permitted to proceed. 

What he did, according to his letter in my files, and it can be made 
a part of the record if you so desire. 

Mr. Courtney. I think it should be, Mr. Chairman. 

Mr. Héserr. I believe it should be made a part of the record. 

Mr. Grirriru. I believe it is referred to in the book. It has that 
reference. 


Mr. Héeerr. I would like to have that letter in the record. 
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Mr. GrirritH. All right, sir, we will provide it. E 

He removed the asphalt, the upper layer of the asphalt, approxi- 
mately three-quarters to an inch in depth, with a maintainer or as you 
would know it, a grader, for approximately 12 feet in width. Remem- 
ber, this channelized test was confined to 74% feet in width, down the 
center. 

That was replaced with a mix similar to that used for the major 
paving on Kelly Field, and it is now in use today. ! 

Mr. Hésert. You replaced it with asphalt, or the flexible? 

Mr. Grirriru. He replaced the asphalt surfacing material that had 
been removed, approximately three-quarters to an inch. That is just 
what he bladed off with the grader. Twelve feet wide for the length 
of this test section. And he replaced that with asphalt concrete, with 
a mix design. It may have been exactly or at least was similar to the 
mix that he had been placing on the runway, the taxiways and other 
areas at Kelly Field. 

Mr. Hess. But it was a different mix than the one originally put on 
there ? 

Mr. Grirriru. Yes, sir. 

Mr. Brooks. More rigid ? 

Mr. Grirriru. Well, no, we can’t refer to asphalt pavements as 
being rigid. 

Mr. Brooks. Less flexible. 

Mr. Grirrirn. It was a mix better designed to meet the normal 
needs to which it would be subjected. 

Mr. Héserr. That has shown no distress as of now, to your know]l- 
edge? 

Mr. Grirriru. So far as we know, there is no distress. If it has 
occurred, it has occurred in the past few weeks. 

Mr. Hess. You are referring now to this second mix that was used 
to repair this runway on which the test was performed and you say 
that 1t was a similar mix to the one used on the balance of the runway 
as on Kelly Field? 

Mr. Grirriru. Yes, sir. 

Mr. Hess. When were those runways put down ? 

Mr. Grirriru. They were 

Mr. Hess. Prior to this test or after? 

Mr. Grirriru. Some of them had been put down prior to the test 
and some of them were being put down. 

Mr. Hess. All right. 

Mr. Grirriru. That was the reason the firm built the test section; 
he had a contract on the field. 

Mr. Hess. Why was there a different mix used on the test section, 
then, than on the field that was being built ? 

Mr. Grirriru. Mr. Hess, that would have to be answered by the 
Corps of Engineers. 

Mr. Hess. But you know that is the fact? 

Mr. Grirriru. Yes, sir. 

Mr. Hésert. What happened to your offer to construct this section 
that was in distress ? 

Mr. Grirriru. So far as I know, it died there. 

Mr. Hésert. With the engineers? 
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Mr. Grirrirx. With Mr. Turnbull and Mr. Foster. Because I was 
informed that the decision had already been made to discontinue the 
testing. 

Mr. Héserr. The thing that I want to get clear in the record is: 
The engineers, as I understood their testimony, were merely the 
agents of the Air Force in conducting the test ? 

“Mr. Grirrira. We were told that; ; yes, sir. 

Mr. Héserr. The decision rested with the Air Force? 

Mr. Grirrira. We were told that; yes. 

Mr. Héezrr. Then, if a rejection was given to your offer, it came 
through the engineers merely as the agent of the Air Force, which 
made the decision. 

Mr. GrirritH. Yes, sir. 

Mr. Hésert. Would that be your understanding? 

Mr. Grirriru. So far as we understand. 

Mr. Héserr. That is right. We will clear it up and have the Air 
Force back. I wanted to get that for the record. In other words, 
the Air Force refused to allow you to explore further these tests, 
at your own cost? 

Mr. Grirriru. I want to make it perfectly clear that we did not 
make this offer to the Air Force. 

Mr. Hererr. No, but you made it to the agent of the Air Force. 

Mr. Grirritn. That is right; yes, sir. 

Mr. Héperr. And you were presuming, and logically so, that the 
offer was rel: ryed to the Air Force, who was the principal, and was 
denied by the Air Force? 

Mr. Grirrirn. Mr. Hébert, I can’t say positively, but it is my 
opinion that because of the fact that the decision had been made to 
discontinue the testing, that the offer was not relayed to the Air 
Force. I don’t know, but that is my 

Mr. Hénrrr. Don’t you think you should have gone to the Air 
Force directly, on a subject so important ? 

Mr. Grirriru. Perhaps we were remiss, yes, sir. However, we 
were dealing with the engineers who had designed and conducted the 
experiment. 

Mr. Héserr. Anything further, Mr. Hess? 

Mr. Hess. No. 

Mr. Héperr. Any questions, Mr. Bates? 

Mr. Bares. It is 12 o'clock. Will we be back? 

Mr. Hépserr. We are trying to finish now. 

Mr. Bares. All right. Mr. Griffith, I am not certain from read- 
ing your statement whether you indicate there is as much por poising 
on concrete as there is on asphalt. 

Mr. Grirriru. Pardon? 

Mr. Bares. I say I am not certain from reading your own state- 
ment here, which you entered into the record but which you did not 
read, whether you contend there is as much porpoising—bouncing 
as you phrase it—on portland cement pavements as there is on 
asphalt. 

Mr. Grirrirn. What page is that on, Mr. Bates? 

Mr. Bares. Page 10. 

Mr. Grirriru. We say: 
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Bouncing or porpoising of aircraft has been blamed entirely on asphalt pave- 
ments by the Air Force. Investigation has revealed that this also happens 
on portland cement concrete pavements. 

Now, our authority for that statement is a meeting of the Corps 
of Engineers, South Pacific division, conducted on grade-control con- 
ference at San Francisco, on January 25, 1956, to deal with the 
problem. 

Now, at this conference the Corps of Engineers was represented, 
the Air Force, the Asphalt Institute, and many engineers and con- 
tractors. 

Mr. Barrs. Yes. You don’t have any firsthand information your- 
self? I didn’t know, from reading your statement, whether it bounces 
more or less on one or the other. 

Mr. GrirrirH. Well 

Mr. Bates. What is your position on that? 

Mr. GrirrirH. No; we don’t say the bouncing is confined to any 
particular type of surface ; no, sir. 

Mr. Bares. I understand that. 

Mr. Grirrirn. It is in both. 

Mr. Bates. You say it bounces on both ? 

Mr. Grirritu. Yes, sir. 

Mr. Bares. But does it bounce more on one than on the other? 

Mr. Grirritu. I don’t believe anybody could say that it bounces 
higher on one type than on another type. I doubt very much if 
there are statistics that would prove it. I certainly wouldn’t say it; 
no, sir. 

Mr. Bares. So far as you know, there is no essential difference ? 

Mr. Grirritu. That is right. 

Mr. Bares. Now, on Air Force complaint No. 3, concerning the 
loose particles, I see you indicate that the portland cement pieces 
bounce upward but the one from asphalt go sideways. I wish you 
would explain that to me. 

Mr. GrirritH. Yes,sir. And that, too, was taken from information 
presented at this same grade-control conference. And source is the 
National Advisory Committee for Aeronautics. They found that 
loose particles from portland cement concrete pavements were sucked 
into jetplanes more readily than from asphalt pavement. These 
findings based on research revealed that particles lodged in cement, 
portland cement joints—and, as you well know, all portland cement 
concrete has joints at certain intervals. That is what I have reference 
to. This committee found that those spalls lodged in those joints 
and, when they were blasted, subjected to blast, they flew up high 
and were sucked in, whereas spalls that do occur on asphalt pay ements 
as well, that is, loose particles, were not prone to be wedged or lodged 
in construction joints. Consequently, when the blast hit them they 
spread out. Now, this is not ours. We are merely quoting the 
information. 

Mr. Bares. Isee. You don’t have any firsthand information your- 
self? 

Mr. GrirrirH. No, sir. 

Mr. Bares. Except that which you quoted? 

Mr. Grirriru. As I say, we are using these sources. 

Mr. Bares. That is in the event there are loose particles. 

Mr. GrirrirH. Yes, sir. 
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Mr. Bares. If both runways are in good condition, you wouldn’t 
have the loose particles; is that correct 

Mr. Grirrirn. If they were in perfect condition, we would not 
have those loose particles. 


Mr. Bares. Well, in the normal course of events, would you expect 
a greater frequenc: y of loose particles on asphalt than you would on 
concrete, or vice versa ¢ 

Mr. Grirriru. Not a properly designed asphalt pavement; no, sir; 
no more. 

Mr. Bates. You don’t think, if both of them were properly de- 
signed, there would be any essential difference ? 

Mr. Grirriru, No, sir. 

Mr. Bares. That is all I have. 

Mr. Courtney. Mr. Chairman, we have the statements of the gen- 
tlemen referred to by Mr. Hays, whose names I shall read, and I 
would ask their statements be made a part of the record today. Mr. 
John W. Kelly, who is a partner in the Imperial Paving Co., of 
Oklahoma City. His statement refers principally to Tinker Air 
Force Base and some other professional comment. Mr. Al Kavs 
naugh, the president of the Metropolitan Paving Co., of Oklahoma 
City. Mr. H.S. Kerr, who is vice president of the H. B. Zachry Co., 
of San Antonio, Tex, which company has been referred to previ- 
ously. Mr. Schuyler B. Hudson, who is an employee of the firm of 
Miller-Warden Associates, of Swarthmore, Pa., who have had some 
considerable experience in this field. And Mr. Warren B. Warden, 
owner and manager of this same firm. Their principal offices are in 
Raymondville, Mo., and Chicago, Ill. 


Mr. Héserr, The y will all be made part of the record at this point. 
(The statements referred to follow :) 


STATEMENT OF JOHN W. KELLY, PARTNER, IMPERIAL PAVING Oo., OKLAHOMA 
City, OKLA. 


I am a partner and general manager of the Imperial Paving Co., of Oklahoma 
City, Okla., and a registered professional engineer. Before that, I held the posi- 
tion of materials and paving engineer for the Tulsa District of the Corps of 
Engineers. 

Our company had the contract for construction of a major airfield paving 
contract at Tinker Air Force Base. This project was constructed under the 
design criteria of 1954, which called for the warmup aprons and 1,000 feet of 
each end of the runway to be constructed of rigid portland cement concrete. 
The balance of the project was constructed of flexible pavement, using bitumi- 
nous conerete on the surface. The major part of this contract, namely the 
north-south runway, was completed and placed in operation during the fall of 
1955. 

During the construction of this project, we were subjected to considerable 
criticism and abuse by the newspaper and national trade magazines on the 
basis of news releases and statements by the Air Force stating that asphaltic 
concrete had failed on this project. 

We were at a loss to understand the statements, and tried to trace the source 
of information and the exact nature of the so-called failure. These alleged 
failures were reported while the project was still under construction, during 
1955, and many months before any part of the project was turned over to the 
Air Force for their use. 

We subsequently learned that a B—47-type airplane, for'some unexplained rea- 
son, went through a barrier and over a temporarily incompleted portion of the 
project, causing tire marks in the subbase and a slight deformation. This area 
was scheduled to be reworked as part of the overall construction plan, and was 
closed to Air Force aircraft. The area had been barricaded and was not supposed 
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tobe used. The area was an overlay of an existing 7-inch, rigid, portland cement 
concrete slab which had failed under all kinds of traffic and was in the process 
of being salvaged. It had been built in 1942. 

The district engineer commented, when he awarded us the Corps of Engineers 
annual safety award, “this was, in his opinion, not only the safest project, but 
also the best airfield paving that had been constructed in the Tulsa district.” 

Let me review some of the construction figures on this project : 

1. The warmup aprons and 1,000 feet on each end of the runway were con- 
structed of rigid portland cement concrete at an average cost of $7.35 per 
square yard. 

2. The taxiway and interior 10,000 linear feet of the runway were constructed 
of flexible bituminous concrete at an average cost of $3.91 per square yard. 

3. The north 5,000 feet of the north-south runway was constructed by over- 
laying an existing failed rigid portland cement concrete slab. The balance of 
the project was all new construction. This consists of 6,000 feet of a stabilized 
stone base with 4-inch asphalt concrete surfacing and a 1,000-foot portland 
cement concrete end at the south of the runway. 

4. The new runway has now been used for approximately 150,000 operational 
flights of all types, varying from piston-type aircraft to B-52 bombers and 
Century-type fighters. 

On May 6, 1957, I had an opportunity to make a detailed inspection of the 
runways and taxiways at Tinker Air Force Base. This inspection was made 
in company with Mr. J. Rogers Martin, engineer for the Asphaltic Concrete 
Association of Oklahoma. Mr. W. L. Foster, Chief Engineer of the Air Instal- 
lation Section, arranged for our inspection. 

We found both the flexible and rigid sections of 100 percent new construction 
to be in excellent condition. There was no evidence of rutting, shoving, raveling, 
or cracking. The high-speed riding conditions in a short wheelbase vehicle were 
exceptionally good on the flexible section and fair on the rigid section. 

The north section of the runway end was showing considerable distress. It was 
cracking, spalling, and the joints were failing. ‘The majority of the joints were 
breaking back away from the joint line and spalling out in pieces from \% to % 
inch in size. When the old portland cement concrete was overlaid by a 14-inch 
slab, no provision for drainage of the subbase had been made and none of the 
broken portland cement concrete slab had been removed. 

The 4,000-foot portion just south of the runway end was also showing signs 
of distress. Ten inches of stabilized aggregate base covered with four inches 
of asphalt concrete had been placed over a broken and cracked portland cement 
concrete slab. It was evident that maintenance patching had been performed 
and more would soon be required. The distressed areas were being removed and 
replaced with asphalt concrete. Under the original contract in 1955, no provi- 
sion had been made to correct even the worst failures in the rigid pavement 
before it was overlaid. The maintenance section of the airbase was patching 
this condition very closely and was repairing it as quickly as they could by digging 
out the loose chips and packing the void with bituminous concrete. This was 
being done to keep the jet motor damage to a minimum. 

We picked up a few pieces of this spalled portland cement concrete which was 
lying loose in the joints. We have brought them along to show anyone who 
might be interested just what can happen to a rigid portland cement concrete 
slab after it has been in heavy use for a year or so by jet-type aircraft. You 
can easily imagine the damage one of these concrete chips would do to a jet 
engine if sucked up through the intake. 

While we were on the field we cbserved the condition of the runways, taxiways, 
and aprons that had been built under previous contracts using all rigid portland 
cement concrete of 7-inch, 9-inch, and 19-inch depths. I would like to make the 
following comments: 

1. All of the available parking area at Tinker Air Force Base was jammed 
with ariplanes. There was even parking on the alternate runways because of 
lack of space on the aprons. 

2. I have never seen pavement either rigid or flexible that was as badly 
broken up and disintegrated as was this old rigid portland cement concrete 
pavement. There was harly a square yard that was not cracked, patched, or 

repaired in some way. 

3. I would like to take this opportunity to commend the maintenance forces 
at Tinker Air Force Base. They have done remarkable work in keeping that 
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base in operation against the almost impossible working conditions of constant 
heavy use by all types of aircraft. 

In closing let me state that in all fairness it would seem the Air Force owes an 
apology for the injustice done Imperial Paving Co. As a professional civil 
engineer, contractor, and taxpayer, the record of asphalt concrete pavement sery- 
ice at Tinker Air Force Base will prove that when all new construction is 
employed there is no differential, except cost, between the two types of pavement. 
The records on this project show that a square yard of rigid portland cement 
concrete pavement costs 175 percent more than flexible bituminous concrete 
pavement. If the cost experience at Tinker Air Force Base is typical, then 
building airfield pavements from other than flexible bituminous pavement in 
this Oklahoma portion of the country would be an extravagant waste of money, 





STATEMENT OF AL KAVANAUGH, PRESIDENT, METROPOLITAN PAVING Co., INC., 
OKLAHOMA CITY, OKLA, 


My name is Al Kavanaugh. I am president of the Metropolitan Paving Co. of 
Oklahom City, a businessman with approximately 20 successful years in the 
paving industry behind me, and by choice, a member of the National Bituminous 
Concrete Association, with whose views and statements, as they are presented to 
you here today, I associate myself in toto. 

Indeed, it is through a recital of facts, based upon my own firsthand experi- 
ence as a paving contractor to the Air Force, to the Navy, and to State and 
local governmental agencies, that I hope to give added force, clarity, and con- 
viction to the association’s presentation; in other words, to use myself and my 
firm as a classic example of what can befall, not only the average businessman, 
but a whole essential industry, where these are caught between arbitrary and 
inconsistent determinations on the one hand, and incomplete information which 
appears in the course of newspaper stories. 

I am, however, frank to state to you, gentlemen, that my appearance here is 
not motivated solely by unselfishness. I have no wish to travel under false colors. 
I am, first and last, a typical American businessman, the head of a heretofore 
profitable and respected business venture whose greatest asset is the confi- 
dence and good will of the community it serves. 

Today, Mr. Chairman and gentlemen, that confidence and good will has 
been grievously—-and not, I fervently hope, irreparably—damaged as the result 
of a contract which my paving company entered into with the Air Force in good 
faith and carried out with integrity and professional know-how to the letter of 
the Air Force’s specifications. 

And that, gentlemen, is primarily why I am here—to seek at your hands-— 
at this sole source of equity open to me—to rectify, first, a serious hurt to my 
business and, second, to an essential industry, that may well be doomed if 
certain harmful and unreasonable attitudes on the part of the Air Force in 
regard to pavement criteria are not checked now. 

There is a third purpose to my being here, and that is to halt an inexcusable 
waste of the American taxpayers’ money—as I shall demonstrate to your satis- 
faction a little later on—and I, too, am a taxpayer. 

Here, then, are the facts: 

In February 1954, my company completed a major asphalt concrete paving 
contract at Altus Air Force Base in Oklahoma. 

The entire project included the paving of the present north-south runway, ad- 
jacent taxiways, and the apron, comprising a total area of 1,010,230 square yards 
of asphait concrete pavement. 

Our contract on this project called for the laying of 720,900 square yards. 
The contract to lay the remaining 289,300 square yards was awarded to the 
firm of Peter Kiewit Sons’ Co. 

Now, I do not think I have to describe to any of the members of this subcom- 
mittee the inspection procedures attendant upon the completion of any contract 
with any branch of the armed services. 

To the highly commendable credit of our military such inspections are and 
have always been exacting so as to avoid any faults to a minute degree. So it 
was, upon the completion of Metropolitan’s contract at Altus Airfield. 

To the best of my knowledge, the work of my firm passed such an inspection 
without complaint upon the part of any officer, civilian official, or employee of 
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the Air Force or the Corps of Engineers charged with responsibility for passing 
upon our fulfillment of the terms and specifications of this contract. 

To my full knowledge—and I give you this, Mr. Chairman, on my word as 
an honest businessman solicitous of the good name of his firm and the ethics 
of his industry—those terms and specifications were carried out to the letter of 
our contract with the Government. The best proof of this that I can offer you is 
that my firm was paid in full for its work. 

Sir, we put down 720,900 square yards of asphalt concrete at Altus Airfield 
in accordance with the specifications. We assumed the pavement was designed 
to meet the intended load requirements. 

Picture then, Mr. Chairman, my shocked consternation when—2 whole years 
later—on February 10, 1956, to be exact, 1 opened my daily newspaper to be 
greeted with headlines such as this—and with your permission, Mr. Chairman, I 
would like to read this one article to you so that it may become a permanent 
part of the record. 


“ASPHALT CRACKS Up at ALTUS AIRFIELD 


“The Air Force has authorized replacement of more than 329,000 square yards 
of asphaltic pavement on the aircraft parking apron at Altus Air Force Base 
with portland-cement concrete, Col. Audrin R. Walker, commander of the 96th 
sombardment Wing, said Thursday. 

“Colonel Walker said it was decided, after extensive engineering analysis and 
surveys on the present apron parking, that it will not withstand present B-47 
medium jet bomber traffic, and will not support B—52 heavy bombers due at Altus 
late in 1957. 

“The present aircraft parking apron was designed when Altus was reactivated 
by the Air Force as a Tactical Air Command base using troop-carrier aircraft. 
Failure of the aprons under B-47 weights was announced several months ago.” 

Let me repeat this paragraph to you, gentlemen. 

“The present aircraft parking apron was designed when Altus was reacti- 
vated by the Air Force as a Tactical Air Command base using troop-carrier 
aircraft. Failure of the aprons under B-47 weights was announced several 
months ago.” 

Here, gentlemen, is one of the high points of this matter. In plain, down-to- 
earth talk, somebody must have goofed in approving the apron design or failed 
to foresee the ultimate use to which it would be subjected. 

According to the Air Force, as quoted in the above news story, the plans and 
specifications for the parking apron were designed to meet the requirements of 
the Tactical Air Command base using troop-carrier aircraft, and not the B—52’s 
or the Strategic Air Command. 

Consider now the very obvious difference in performance of the runway and 
the taxiways on the one hand (which are still in excellent working condition 
and serving heavy bombers), and the apron on the other. 

It is pointed out that both were built by the same contractor, with the same 
equipment, with the same personnel, and with the same materials. By a process 
of elimination, therefore, a strong ease can be made out for the probability 
that the apron design was inadequate. If we can accept the newspaper story 
as correct, then we must assume that the apron was designed to serve the 
purpose and the requirements of the Tactical Air Command only and not the 
heavy channelized traffic of the B-47’s and B-52’s. This apron did not fail under 
the traffic for which it was designed and constructed. 

Since, with the chairman’s permission, this entire news article will appear 
in the record, I will not take up your time with reading all of it here. 

Recently, gentlemen, I had the opportunity to make a detailed inspection of 
the alleged damage reported in this news story. This was the first such in- 
spection of the operational area at Altus which I was able to make since we 
finished our contract in 1954. 

This inspection took place on May 14, 1957, in company with J. Rogers Martin, 
engineer for the Asphalt Concrete Association of Oklahoma. We were escorted 
over the field by Lt. Col. H. J. Cannon and Maj. G. M. Pexton, both of the Air 
Force. 

We were totally surprised—and in view of all the adverse publicity which the 
so-called failure of asphalt concrete has received, both at Altus and other air- 
fields—we were completely astounded by what we found. 

We first made a detailed inspection of the runway and taxiways. As we 
rode slowly up and down the north-south runway, no evidence of any damage 
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was immediately apparent anywhere. Hence, we were dependent in assaying 
any failures upon the information furnished us by Colonel Cannon and Major 
Pexton. 

Remember, the asphalt-conecrete portion of this runway is now 10,000 feet 
long and 300 feet wide. Yet, the only damage Colonel Cannon and Major Pexton 
informed us of on this runway was to an area near the south end, approxi- 
mately 100 feet in length and ranging from 3 to 6 feet in width. This area had 
undergone slight distress resulting in the development of a few cracks. 

On the taxiways we observed 2 or 3 small areas which had failed, and had 
been replaced under a maintenance contract. We were also shown two dis- 
tressed areas on opposite sides of one of the east-west taxiways where it inter- 
sected with the north-south taxiway. Each of these areas was about 6 feet 
square. The entire above-mentioned failed areas totaled approximately 1,200 
square yards. Out of a total of 621,000 square yards of asphalt-concrete pave- 
ment, only 1,200 square yards, less than one-fifth of 1 percent, had shown dis- 
tress when overloaded. 

After our inspection of the taxiways and runways we proceeded to look over 
the apron. Unfortunately we were unable to see much of the reconstructed 
apron because it had been torn out to be replaced with portland-cement concrete. 

We were shown a map upon which 12 purportedly failed areas were pointed 
out. These areas were practically all along a line a few feet wide, where 
B417’s had operated in a channelized pattern. 

The total distress here comprised only 2,500 square yards or less. $50,000 
would be a very liberal estimate for replacing all of these areas, which consti- 
tuted three-quarters of 1 percent of the total area of the apron. (As a matter 
of fact, gentlemen, I would be happy to accept such a contract for the amount 
stated here and now. Incidentally, so would my competitors. ) 

This small distressed area could not have been the basis for replacing the 
entire parking area with portland-cement concrete at the tremendous sum of 
over $3 million. Whatever the true reason for the complete replacement was, 
the American taxpayer who paid for it and my firm who was blamed should 
have been advised. Instead, these small areas of failure, from overloading, 
were used as the basis for newspaper stories which were damaging to my firm. 

The original parking apron was portland-cement concrete. Under my con- 
tract it was overlaid with a stone base, and an asphalt surface, and a new 
asphalt-concrete portion was added, all totaling 334,000 square yards, at a cost 
of $940,000. 

A firm of consulting engineers, engaged to prepare plans and make recom- 
mendations, suggested a design which called for 11 inches of high-type asphaltic 
concrete directly above the old portland-cement concrete slab. This was re- 
jected in favor of the less-expensive type of construction completed by me. 
Their recommendation, if followed, would have cost an estimated $1,428,600. 
Have you got these figures down, gentlemen? 

The difference between the recommended expenditure of $1,428,000 and the 
actual $940,000 which my firm was paid amounts to an ostensible saving of 
$448,000. But was this money saved, Mr. Chairman? The result of this saving 
has now been an increased expenditure of $3 million for replacement, to which, 
unhappily, we must add the original $940,000 paid out for the lower-cost con- 
struction. 

To sum up, the Air Force saved $448,000 of the taxpayers’ money at a final 
increase in cost to the taxpayer of 2,512,000. This, gentlemen, is strange 
economy, indeed. 

As a contractor and businessman, I am amazed at such a procedure. I am 
positive that proper maintenance practices could have kept the parking apron 
in good operating condition. As a taxpayer myself, it is difficult for me to 
understand why 99 percent of this apron, wich was intact, was torn out and 
replaced with the most expensive pavement available. To me, this procedure 
is comparable to burning down a house and rebuilding it because some of the 
paint had scaled. 

I sincerely thank the chairman and members of this subcommittee for the 
courtesy extended in granting me an opportunity to present my views. 
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[Story on front page of Daily Oklahoman, February 10, 1956] 
(This story appeared in many newspapers in State.) 


“ASPHALT CRACKS Up at ALtTus AIRFIELD 


“Attus, February 9 (Staff) —The Air Force has authorized replacement of 
inore than 329,000 square yards of asphaltic pavement on the aircraft-parking 
apron at Altus Air Force Base with portland-cement concrete, Col. Audrin R, 
Walker, commander of the 96th Bombardment Wing, said Thursday. 

“Colonel Walker said it was decided, after extensive engineering analysis 
and surveys on the present apron parking, that it will not withstand present 
B-47 medium jet bomber traffic, and will not support B-52 heavy bombers due 
at Altus late in 1957. 

“The present aircraft parking apron was designed when Altus was reactivated 
by the Air Force as a Tactical Air Command base using troop-carrier aircraft. 
Failure of the aprons under B47 weights was announced several months ago. 

“Colonel Walker said it has been determined the base could continue operation 
of the 96th satisfactorily during the pavement replacement and still turn over 
approximately 94,000 square yards of apron area to the contractor for replace- 
ment at one time. 

“The announcement was made by Colonel Walker after a conference of repre- 
sentatives of the Strategic Air Command, 15th Air Force, Air Force and Army 
engineering personnel from Texas, and interested 96th Wing officials. 

“Maj. Gen. Lee Washbourne, Deputy Chief of Installations for Air Force, in- 
spected the pavement areas and construction in progress on the base with Colonel 
Walker, and Col. R. B. Templeman, base commander. 

“Design for the replacement will be made by Army engineers. 

“Conference on preliminary drawings between the engineers and interested 
Air Force commands will be held April 10. Construction will be placed under 
contract prior to July 1.” 





STATEMENT oF H. S. Kerr, VICE PrRESIDEN?, H. B. Zacury Co., SAN ANTONIO, TEx. 


My name is Horace S. Kerr and I am vice president of the H. B. Zachry Co., 
of San Antonio, Tex. Our firm has built airfield pavements at Bergstrom, Kelly, 
and other Air Force bases. A recent inspection shows both of these bases to be 
serving military aircraft needs in full. 

We have built asphalt concrete (flexible) pavements that are meeting the re- 
quirements of bombers, tankers, and fighter aircraft at these two bases. These 
pavements have been standing up under actual traffic and have done the job re- 
quired of them. 

Our recent inspection of the asphalt concrete pavement placed at Bergstrom 
Air Force Base, Tex., in 1952-53 reveals that the pavement is in perfect condi- 
tion. The runways have given 4 years of service to practically all types of mili- 
tary aircraft, most frequently to the F—-S4F and F-S4G jet planes. The tire 
pressure on the F—S4F is 300 pounds per square inch and is as high a pressure 
as is used on the larger aircraft. The KB—29 tankers, the B—-47, and B-386 air- 
craft have also used this field. 

There is some evidence of fuel spillage on the asphalt concrete, but these areas 
show no sign of deterioration or distress from it. 

There is no indication of any surface maintenance having been required during 
the 4 years Bergstrom Air Force Base has been in service. 

Our firm built the test strip as well as the runway at Kelly Air Force Base. 

It is my opinion that the severe accelerated concentrated loads applied to the 
best section do not represent the type of usage that will be applied to the runway 
pavement at any time during its years of service, and that the asphalt-concrete 
pavement as constructed on the Kelly Field runway will adequately serve any 
type of aircraft now in use. There is no doubt in my mind but that time will 
prove this to be true. In other words, I do not think that the test loads and 
the manner in which they were applied to the test section, represent in any 
degree the type of loads and methods of application of normal airplane traffic 
on the runway pavement. Also, these test loads were applied to a newly con- 
structed pavement before it had seasoned. 

After the test, when it had been decided to incorporate the test strip into the 
base’s pavement facilities, we submitted an estimate for removing the top 5 
inches of asphalt concrete. After observing initial results, the area engineer 
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elected to remove the top three-fourths inch only, which is about half of the 
wearing course. This material was soft. We used scarifier teeth on a main- 
tainer as this was the easiest method of accomplishing our task. If the original 
specifications requiring the removal of 5 inches of asphalt concrete had been 
retained, a heavy plow would have been required as light equipment could not 
have achieved this. 

The test strip was resurfaced with a mix as specified and used for the main 
runway. This was not used on the test strip which had a 5-percent asphalt mix. 
It is our conviction that the repaired section will stand up much better than the 
test section, although it was not placed with as much compaction. 

Also, the actual aircraft traffic is intermittent in nature, permitting the pave- 
ment to recover from the applied loads. This was not the case in the test, as a 
kneading action from the continuous back-and-forth passage of the rollers was 
produced. 

An inspection of the asphalt-concrete runway after 1 year’s usage reveals 
that the pavement is in excellent condition. 


STATEMENT OF SCHUYLER B. Hvupson 


My nume is Schuyler B. Hudson. I am a graduate civil engineer presently 
employed by the firm of Miller-Warden Associates. For the past 7 years I have 
been almost exclusively concerned with highway and airfield paving of both 
the asphalt (flexible) and portland cement concrete (rigid) types. During the 
period of 1950-53 I was responsible, as director of the paving inspection and 
testing division under the district public works officer, Sixth Naval District, 
for the construction and strengthening of a number of Navy jet fields such as 
MCAS Cherry Point, NAS Cecil Field, NAS Key West, NAS Pensacola, NAS 
Memphis and others. In 1955 I represented Miller-Warden Associates as con- 
sultant to the Corps of Engineers during construction and strengthening of the 
airfield pavements at Dover Air Force Base, Dover, Del. Most recently I have 
inspected the pavements at Dow Air Force Base, Bangor, Maine, Loring Air 
Force Base at Limestone, Maine, and the pavement at Dover. 

On May 9, 1957 I visited Dow AFB at Bangor, Maine, and inspected the air- 
field pavements in the company of base commander, Col. Charles E. Lancaster, 
and AlO Maj. K. C. Baker. The existing asphalt runways of light duty design, 
built about 1941 are very rough and are showing signs of distress from the wheel 
loads of present-day plane trafiic. 

On the light duty parking apron which was paved and resurfaced with 
asphaltic concrete and tar-rubber in 1956, the construction joints hetween paving 
lanes have opened up and there is some random cracking. Joint and crack 
sealing is required. A short section of heavy duty asphalt taxiway constructed 
in 1956 was in perfect condition. The new portland cement concrete heavy 
duty taxiway-warmup apron and the small portion of one end of the runway 
so far constructed appeared to be in good condition. Minor shrinkage cracks 
were reported but were not seen on casual inspection. It was reported that 
no planes as yet had used any of the new Portland cement concrete pavement. 
The new heavy duty portland cement concrete heavy duty parking apron has 
1 large crack extending through the center of about 6 to 8 paving panels and 
1 smaller crack extending through about 5 slabs. These cracks were readily 
visible from the automobile in which I was riding, however, I did not have an 
opportunity to make a detailed inspection. In reply to a direct question the 
base commander stated that there were no other cracks of major significance. 

So far as I have been able to determine the 15-inch thick concrete and the 
40-inch selected gravel subbase were constructed in full accordance with the 
specifications and the concrete tested higher than the specified strength Ap 
parently the cracks|which I noted were serious enough to warrant a full investi- 
gation. I observed that a test pit had been dug near the largest crack and I 
would assume that the Corps of Engineers has made a complete investigation 
including a crack survey of the entire pavement. The portland cement concrete 
apron has not as yet been placed in service. At the time of my visit the placing 
of the concrete for the runway had not been resumed since the closing down of 
operations last fall and, according to the latest reports I have received, construc- 
tion is still heing held in ahbevance. 

On May 10, 1957, I visited Loring Air Force Base near Limestone, Maine, and 
talked with the base commander, Col. Gerard G. Wolke. The runway at this 
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base is of asphaltic concrete construction with portland cement concrete ends. 
The taxiway is also of asphaltic concrete as is a major portion of the parking 
apron area. ‘The base is used primarily by B—52 planes. 

Colonel Wolke stated that all pavement was performing satisfactorily with 
exception of a rough spot near one end of the asphalt runway, caused by a frost 
boil and a slippery condition on a portion of a taxiway which was caused 
by improper application of a jet seal. 

I inspected the airfield pavement with the AIO, Maj. Frank D. Furlow. In 
general all pavement, both portland cement concrete and asphalt, was in good 
condition under the heavy B—52 traffic. I noted some random cracking of the 
asphalt pavement on the runway and taxiway and was told that these cracks 
were sealed as a routine maintenance operation in the spring but that they tended 
to close up in hot weather. There had been 2 minor repairs, each about 25 feet 
in diameter, in the asphalt pavement. Each was located near the end of the 
runway. I was told that one had been caused by a frost boil and that the other 
was defective pavement which had been replaced by the contractor at no cost 
to the Government. 

The dimensions of the main taxiway A are such that the B-52 planes are 
confined to a very narrow path and the wheels pass repeatedly over almost the 
same spots. I inspected this taxiway very closely for signs of deformation but 
eould find absolutely no indication of distress, rutting, or tire printing in either 
the taxiway or runway caused by channelized traffic. This also applies to the 
asphalt parking apron where B—52 and Ke-97 planes were parked with no indi- 
eation of deformation or indentation. 

I also talked with Mr. M. L. Jalber, roads and grounds supervisor, at Loring 
about pavement maintenance. He had no complaints about either type of pave- 
ment and found no difference between asphalt and portland cement concrete 
pavement as far as snow removal, debris sweeping, etc., were concerned. He 
said that maintenance of the pavement had been performed without serious 
interference with operations. The asphalt pavement had been constructed in 
1950 and had been sealed as 2 routine maintenance operation 2 years ago. The 
concrete pavement had not been in long enough to require resealing of the joints. 
He stated that there were some cracks in the portland cement concrete pavement 
but that they were not large enough to require sealing with the exception of 
one crack extending through three panels of the portland cement concrete apron 
used as compass rose. : 

This crack at Loring is similar to those at Dow Air Force Base but probably 
has no structural significance as it is outside of loaded area of slab. Mr. Jalber 
said that there had been three cases of very minor damage to asphalt pavement 
caused by jet burns, but that these had been repaired by seal coating. 

On May 16, 1957, I visited the MATS field at Dover Air Force Base, Dover, 
Del., and talked to Mr. Joseph Troller, area engineer, Corps of Engineers, and 
Mr. Gray, officer engineer. This field is used by C-—124 and other heavy cargo 
planes carrying supplies to overseas bases. 

In company with Mr. Gray I inspected portland cement and asphaltic concrete 
pavements which were constructed under my supervision in 1955. In general 
all pavement inspected was in good condition with the exception of the tar-rubber 
surface of the new parking apron which is developing some cracks at the con- 
struction joints and in the paving lanes. These cracks were not serious but 
could indicate progressive cracking. The portland cement concrete pavement 
was in good condition with the exception of unsatisfactory joint sealing and 
one small crack in the jet parking apron. The main taxiway of asphaltic con- 
erete construction, was in perfect condition with no sign of distress or deforma- 
tion from the heavy traffic of the C-124 planes and a large number of contract 
planes. The new runway of asphaltic concrete with concrete ends was not 
accessible due to the heavy traffic, but Mr. Gray stated there had been no com- 
plaints from operations. The old asphalt parking apron was in amazingly good 
condition. 

With reference to the Navy jet fields with which I was concerned prior to 
1953 I have had verbal reports that both the portland cement concrete and 
asphalt pavements have in all cases given satisfactory service and that no major 
items of maintenance, other than the deferred seal coating, have been required. 

On April 22, 1957, I visited the Corps of Engineers Waterways Experiment 
Station at Vicksburg, Miss., and talked to Mr. W. J. Turnbull and Mr. C. R. Foster 
about the tests of portland cement concrete and asphaltic concrete pavement 
at Kelly AFB. In general Mr. Turnbull and Mr. Foster stated that, in their 
opinion, the failure of the asphaltic concrete surfacing in the above test was due 
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entirely to an excess of asphalt in the mix for the test conditions. The use of the 
specified amount of asphalt was due to failure to accurately extrapolate the 
effect of 30,000 coverages, applied at the rate of 500 coverages per day at high 
pavement temperatures, from the 1,500 coverages normally used for pavement 
design. Furthermore, that the pavement design used at Kelly Field would, in 
their opinion, be suitable for actual use under prototype traffic, with the possible 
exception of a slight reduction of asphalt content (about one-half percent). 

Following the Kelly test several pavement sections had been constructed and 
tested at waterways experimental station in June-August 1956. The test con- 
ditions were as nearly as possible the same as at Kelly with channelized traffic, 
100,000-pound wheel load and 200 pounds per square inch tire pressure. Several 
variables were included in the test items of asphalt pavement surfacing and 
most of the items passed the 30,000 coverages successfully. In view of the good 
performance of the taxiways—-at Dow and Dover—I am of the opinion that the 
Kelly test was too severe for correlation with actual service requirements, but 
that asphalt pavement can be designed to meet the conditions of the Kelly test, 
if necessary. 

In connection with my inspections of airfield pavements I have observed that 
there is no type of construction which is entirely free of construction or main- 
tenance difficulties. In cold climates extensive cracking of high-quality port- 
land cement concrete on a carefully prepared subbase may occur as in the case 
of the newly constructed heavy-duty parking apron at Dow Air Force Base, 
Bangor, Maine. If improperly constructed, portland cement concrete is subject 
to cracking and settlement from lack of subgrade support, spalling the joints, 
and even disintegration of localized areas. In many areas periodic resealing 
of joints is required. Tar-rubber concrete tends to shrink and crack along con- 
struction joints requiring resealing. Asphaltic concrete, of airfield quality, is 
subject to shrinkage cracks which require seal coating with the proper materials. 

As a result of my close contacts with the problems involved in constructing, 
repairing, and maintaining airfield pavements I am of the opinion that the most 
favorable economic balance is obtained, under present conditions, by maintaining 
the policies established by the 1954 hearings. 

There appears to be a definite economic advantage in using asphalt (flexible) 
pavements for the portion of the runway of jet fields between the concrete ends 
and for the tangents of taxiways. Asphaltic pavement is also giving good 
service on parking aprons for conventional aircraft as on the large parking 
apron at Dover Air Force Base used for C—124 planes and the asphalt apron at 
Loring. Although I am of the opinion that the damage done by jet-fuel spillage 
and jet blast has in some cases been exaggerated, the fact that it has occurred 
appears to justify the use of the more expensive portland cement concrete pave- 
ment for runway ends, and for warmup aprons, parking, and service aprons; 
and refueling areas for military jet aircraft. 

In summary, my experience and observations are that asphalt pavement can 
be constructed to give satisfactory service in noncritical areas with prototype 
aircraft. There is a definite economic advantage in such construction, particu- 
larly in areas where the native soil is granular or where frost conditions are 
severe. 





STATEMENT OF WARREN B. WARDEN 


I am Warren B. Warden, owner and manager of Miller-Warden Associates, 
a firm of consulting engineers, with principal offices in Swarthmore, Pa., and 
branch offices in Raymondville, Mo., and Chicago, Ill. I am a graduate, regis- 
tered professional engineer. 

With me is our technical director and manager of our civil engineering depart- 
ment, Mr. Schuyler B. Hudson, a graduate civil engineer, experienced in both 
asphaltic concrete and portland cement concrete pavement construction. Mr. 
Hudson was formerly director of the Washington Testing Laboratory. In re- 
sponse to a request from the Navy during the war for concrete specialists he 
volunteered and served on active duty as lieutenant commander. Immediately 
before joining Miller-Warden Associates in 1953, he was director of the Paving 
and Testing Division of the Sixth Naval District (covering the seven South- 
eastern States). Various other members of our staff, including two recent em- 
ployees of the Portland Cement Association, have collaborated in the prepara- 
tion of this statement. 

We have been retained by the National Bituminous Concrete Association to 
study the issues involved in this hearing and to render an objective report as 
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to our findings. We have been told that one of the reasons for the selection of 


our company was because we have had experience in both asphaltic concrete 


and portland cement concrete highway and airfield construction. 

We were, for instance, quality control and bituminous consultants on the 
Garden State Parkway in New Jersey, a major toll road largely of asphaltic 
construction. We are currently quality control consulting engineers on the 
Ijlinois toll road which is largely of portland cement concrete construction. In 
1955 we were retained by the Philadelphia district of the Corps of Engineers 
as consultants on the construction and strengthening of the airfield pavements 
at Dover Air Force Base, Dover, Del. 

In addition we have worked for various contractors, agencies, and owners 
on miscellaneous projects involving both asphaltic and portland cement con- 
erete pavements. Thus we are experienced in both types of construction and 
we have no proprietary interest in either of the two major products involved. 

We have carefully and thoroughly reviewed all pertinent data available to us. 
These included the minutes of the 1954 hearings of this subcommittee, as well 
as various other reports and conference minutes. 

Incidentally, Mr. Hudson attended the Hueneme conference. He has recently 
visited Vicksburg and discussed the Kelly test and other work underway at the 
waterways experiment station. He has inspected pavements at Dow Air Force 
Base in Bangor, Maine (May 9, 1957), and Loring Air Force Base near Limestone, 
Maine (May 10, 1957). On May 16, 1957, he visited Dover Airbase and inspected 
the pavements constructed under his supervision in 1955. 

We have reviewed our files on previous inspections made by one of our former 
affiliates on a relatively large number of bases in 1952. The situation at Lincoln 
Air Force Base has been discussed with another of our affiliates, Mr. Paul 
Sonderegger, president of Western Laboratories, Inc., of Lincoln, Nebr. (the 
principal title II consultants in charge of supervision of construction). Mr. 
Sonderegger has recently returned from Thule and gave us a firsthand report 
on the condition of the pavements on this important base. Finally, Mr. Hudson 
has had a verbal report of pavement conditions following a recent inspection 
of the Navy airbase in the 6th Naval District; much of the pavement at these 
bases was placed under his supervision. 

Our findings from the above studies and inspections are summarized herein. 
In preparing this summary we have objectively separated fact from opinion. 
We also realize that there have been and from time to time probably will be 
eccasions Wherein an exception might be cited. By and large, however, we feel 
the following points are an objective engineering appraisal of the issue and all 
are subject to verification. The pertinent facts are: 

(1) Asphaltic concrete and portland cement concrete pavement are histori- 
cally alternate competitive types of construction. Both types are satisfactorily 
serving B—47, B—52, and our heaviest cargo transport planes. 

(2) From actual bid prices on airfield paving it has been established that 
asphaltic concrete pavement is lower in cost than portland cement concrete 
pavement. While this cost difference will vary widely depending on local 
conditions, in many cases from 1% to 2 times as much pavement of comparable 
design can be constructed of asphaltic concrete as can be constructed for the 
same number of dollars using portland cement concrete. 

(3) Reliable comparable maintenance costs are not available for military 
airfields due to the method of bookkeeping. A very large part of the routine 
maintenance is sweeping for all military fields and snow removal where neces- 
sary. We find that the reported costs for these major items are the same 
for both portland cement and asphaltic concrete pavement under comparable 
service conditions. Highway maintenance cost comparisons are not applicable. 

sy and large, overall pavement maintenance costs are probably about equal 
for the two types of construction. 

(4) Both types are subject to damage and to repair costs if improperly 
constructed. If the subgrade support is inadequate, portland cement concrete 
pavement cracks and must eventually be overlaid with asphaltic concrete or 
torn out and replaced. If the subgrade support is inadequate, the asphaltic 
concrete will settle unevenly and must be patched or overlaid to restore it to 
grade. When these conditions exist the cost of repair to restore grade and 
place the pavement in usable condition will normally be greater for the portland 
cement type. 

If the subbase is not properly constructed with suitable materials, under 
severe frost conditions portland cement cracks and asphaltic concrete develops 
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frost boils. Again the cost of repair will normally be less with the asphaltic 
construction. 

(5) Improper operation of jetplanes and/or improper housekeeping resulting 
in excessive fuel spillage causes small localized damage to asphaltic concrete 
pavement and damage or localized removal of the joint sealer on portland 
cement concrete. It is our finding that damage due to jet blast and/or fuel 
spillage in noncritical areas as defined in the 1954 hearings is usually not 
serious from an operational viewpoint and the repair cost is relatively incon- 
sequential. Because this type of defect is so readily noted on casual inspection, 
the effects of jet blast and fuel spillage have, in some cases, been overempba- 
sized without factual basis for judgment as to its actual seriousness either 
from an operational standpoint or with respect to repair costs. 

(6) There is no question that both types of pavement can be designed and 
constructed to give satisfactory service with present aircraft. This has been 
amply demonstrated by actual operation and numerous examples have been 
cited. Mr. Hudson will report further on both Loring and Dover Air Force 
Bases in this regard 

At Loring, for instance, I have a report which states: 

“Absolutely no rutting or tire printing on the asphaltic concrete runway 
or on the asphaltic concrete taxiway under channelized B-52 traffic. B-52 
and KC-97 planes parked on an asphaltic concrete apron with no deformation 
or indentation.” 

(7) Both types of pavement are subject to failure, if subjected to overload. 
Both types, however, may be strengthened within limits and the usual method 
consists of adding an overlay. Either asphaltic concrete or portland cement 
concrete overlays may be used, and each may be used over either type of existing 
pavement. 

Significantly, the amount or thickness of a portland cement concrete overlay 
required for a given degree of strengthening over an existing asphaltic pavement 
is not much thicker than that required over a portland cement pavement. In 
general, the required asphaltic concrete overlay on an existing asphaltic pave- 
ment is a more simple and more economical operation than placing a portland 
cement concrete overlay over either asphaltic or portland cement pavement. 

(8) The much discussed Kelly test was clearly an example of test conditions 
being too severe for correlation with actual service performance. However, 
asphaltic concrete pavements can be and subsequently have been designed and 
constructed which met the conditions of the Kelly test. 

It is our opinion that completed work at Vicksburg, as well as our own 
experience in mix design and field observations, substantiate the conclusion that 
satisfactory asphaltic concrete pavement which will withstand any realistic load- 
ing and channelized repetitions for prototype traffic has been and can continue 
to be constructed under practical working conditions in the field. 

These, then, are the pertinent facts as we see them. 

Now, just what do these findings mean relative to the problem at hand. First, 
what is the problem? What is the real meat of what we are all trying to 
accomplish? The problem, as we se it, is to define means, under the American 
free-enterprise system, of providi.s adequate and suitable airfields for our 
military planes at any time in an) toecation at the least overall cost to the tax- 
payers. Let’s briefly take this deiinition apart a step at a time in light of our 
findings. 

“Under the American free-enterprise system’ means under a competitive sys- 
tem. The Portland Cement Assoviati:n has done and is doing an admirable job 
of promoting their technology and with ithe Rigid Pavement Section of the Corps 
of Engineers and others have greatly ad). .ced our knowledge and ability to 
build better airfield pavements. 

By the same token, the Asphalt Institute, e National Bituminous Concrete 
Association, and others such as the Flexih!: Paving Branch of the Corps of 
Engineers play their important parts in contributing to our technology, know- 
how and abilities to also build better airfield pavements. Free competition 
among our equipment manufacturers is giving us new and better machinery for 
both types of construction. The chemical 1aanuafacturers are making remark- 
able strides in giving us asphalt additives of various types and new and better 
air-entraining agents and admixtures for portland cement. 

This competition is the very heart of our technological advancement and »ny 
arbitrary rulings, policies, or directives which inhibit free competition endaners 
our overall future ability to compete with a common potential enemy to this 
well-proven American system. 
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“At any time” means peacetime, wartime, and future time. During peacetime 
we can take the time to import suitable aggregate and concrete sand; we can 
transport portland cement and wait for it to harden; we can obtain reinforcing 
steel, etc. In peacetime the main consideration should be cost. 

In wartime, the military may be able to obtain top priorities but this nor- 
mally means someone or something down the line suffers. Let’s be realistic, 
in wartime we will still build our airfields, including the so-called critical 
areas, all over the world from local materials with the most rapidly available 
binder, which usually means asphalt. Transportation considerations alone 
make this reasonable since it takes about 400 pounds of portland cement but 
only about 25 pounds of asphalt to build one square yard of pavement. 

Therefore, we cannot afford to neglect asphalt technology in peacetime. 
We must have the trained technicians, the qualified engineers and the experi- 
enced contractors ready and able to do the job with both types of material. 

Now let’s briefly consider future time. No one knows what kind of wheel 
loads our pavements must support in the future. The atom powered plane 
may necessitate scrapping both the traditional types of pavement as we know 
them today. Realistically planning for the foreseeable future is good engineer- 
ing but building “pie in the sky” for something we don’t know about in an 
era of unprecedented scientific advancement is neither good engineering or 
economy. As stated, both types of construction will fail if overloaded and we 
just don’t know what the design criteria of the future should be. 

We do know that both types can be strengthened and that flexible base con- 
struction is suitable for both portland cement and asphaltic concrete over- 
lays. Even the exaggerated Kelly test (by today’s standards) failed to dam- 
age the flexible base construction used. 

We are paying for today’s airfields with today’s tax dollars and both types 
of construction provide adequate and suitable pavements for today’s military 
planes. Let scientific advancement in all phases of our free-enterprise system 
work unhampered to provide the answers to future problems for future planes. 

At any location means both north and south. In hot climates the design of 
asphaltic concrete mixes tends to be more critical because of the thermoplastic 
nature of the binder. In cold climates the design of portland cement concrete 
tends to be more critical because of the effects of frost action on the rigid slabs. 
Thus each type has its minor problems relative to service climate. 

At any location means in areas having a short construction season and here 
asphalt has the advantage because of the faster rate of construction. 

At any location also means areas close to a good source of suitable concrete 
aggregate as well as areas wherein long and expensive hauls are necessary. 
Unfortunately in many areas of the country the supply of prime aggregates 
for both types of pavement is nonexistent or is rapidly becoming depleted. This 
is of importance for the expedited highway construction program as well as 
for airfields. Much good work is being done on the better utilization of local 
materials. Here again asphalt has the advantage since a much wider variety 
of aggregates and sands are suitable for asphaltic construction. 

Thus there are some factors relative to “location” considerations in this 
problem. It does not appear logical to us that any arbitrary rulings can 
hope to provide the best answer for all locations. Conversely it is logical that 
competitive incentives and competitive bidding will lead to the better utilization 
of local materials and to the better utilization of the experience of local con- 
tractors, local suppliers and local engineers in handling the special problems 
associated with that particular climate, areas, and environs. 

Before leaving location considerations, I would like to digress for just a 
moment to make a point that we feel is important to the overall economy of the 
country with relation to paving in general. The findings of these hearings and 
the statements made relative to the issues involved in the construction of mili- 
tary airfields may influence those concerned with deciding the type of pavement 
to be used on civil airports, ete., and particularly on the vast highway improve- 
ment program now underway—one part of which involves some 40,000 miles of 
the Interstate System to be paid for 90 percent from Federal funds. 

It should be made perfectly clear to all that inferences from these discussions 
and the opinions expressed in these sessions apply only to extremely high wheel 
loadings, channelized repetitions, etc., for military jet planes and have no bear- 


‘ ing whatsoever on the design criteria or anticipated service for vehicular traffic 


or for lighter planes. The temptation for salesmen to improperly use generalized 
statements for promotional purposes is ever present. 
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We feel that everyone concerned should fully qualify their statements and 
opinions as applying to military airfields only, so that improper inferences 
cannot be drawn which may unduly and very erroneously influence the choice 
of pavement for other totally unrelated services, There is just no comparison 
between the heaviest loaded truck and the jet plane gear loadings under con- 
sideration herein. 

Least overall cost may be broken down into four items for purposes of 
analysis: (a@) Construction, (0) maintenance, (c) damage repair, (d) strength- 
ening. 

(a) Construction costs are normally lower for asphaltic concrete. To re 
move asphaltic concrete pavement construction from its favorable competitive 
position will undoubtedly result in an increase in the bid price of portland cement 
concrete. 

The use of percentage figures should be discouraged for the sake of clarity 
and uniform understanding of these important cost considerations. We feel that 
expressing the savings or cost difference in percentage figures as has been at- 
tempted in various reports and as used in the 1954 hearings leads to confusion, 
is subject to misinterpretation and may be downright misleading. 

The straightforward way of expressing this cost difference is to simply state 
that for a given field the savings is so many dollars per square yard of pave- 
ment; or, if one must generalize, then to state, as we have done, that currently 
in many cases 1% times to twice as much pavement can be constructed for the 
same number of dollars. ' 

(b) Maintenance costs, as stated previously, are probably a standoff for the 
two types of pavement. 

(c) By damage repair costs we mean the cost of reactivating an airfield that 
has been damaged by enemy action. In general we feel that the cost of repair- 
ing damaged asphaltic pavement is less, although this will admittedly depend 
on the type and extent of damage. Cracked or dislodged slabs, however, are 
traditionally expensive to break out and replace. In wartime the timing factor 
overshadows cost considerations and here asphalt has a definite and obvious 
advantage. 

(¢) Strengthening costs can be an important consideration. Whereas we do 
not know what loads the future planes will impose on our pavements, we can 
do some worthwhile engineering planning to minimize the eost of strengthening 
pavements to handle reasonably higher loads. As stated previously either port- 
land cement or asphaltic concrete overlays can be used over either type of 
existing pavement. 

In general, due to the design and construction methods used, asphaltic pave- 
ment bases ‘are more adaptable to strengthening than are the relatively thin 
subbases normally specified under portland cement concrete pavement. In fact, 
over a soft clay type elastic subgrade it may be necessary to break out the 
existing portland cement concrete pavement and rebuild the base before ade- 
quate strengthening can be obtained. This is admittedly more important over 
certain types of elastic soil subgrades than it is over granular basement 
materials. 

Since asphaltic concrete overlays are usually lower cost and, in any case, the 
thickness of portland cement concrete overlay required over existing asphaltic 
pavement is not much thicker than that required over cement concrete, the 
overall cost, if strengthening ever becomes necessary, may be substantially less 
with an original asphaltic base construction. 

Based on the pertinent facts listed and on the analysis presented as to their 
significance relative to the problem at hand it is our conclusion that asphaltic 
concrete and portland cement concrete pavements are competitive from both a 
service and maintenance standpoint, and that there is a definite economic disad- 
vantage in excluding asphalt from military airfield construction. Further, that 
the removal of competitive incentives (1) would seriously jeopardize the con- 
tinued development of improved techniques, equipment, materials, and know-how 
for airfield construction; (2) would jeopardize the flexibility with which 
military airfields could be rapidly constructed, repaired and/or strengthened in 
time of emergency; and (3) would inhibit our ability to utilize local materials, 
equipment and manpower to best advantage for the benefit of the military and 
our country as a whole. 

We recommend, therefore, that the military specify to the overall paving 
industry realistic service requirements for airfield paving and give our Ameri- 
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can free enterprise system full and uninhibited rein to meet these requirements 
both now and in the future. 


MILLER-WARDEN ASSOCIATES, 
By W. B. WARDEN. 

Mr. Héserr. Mr. Griffith, you will supply this committee with the 
letter from Mr. Zachry ? 

Mr. GrirrirH. Yes, sir. 

Mr. Courtney. The letter from Mr. Zachry. That may be made a 
part of today’s record, Mr. Chairman. 

Mr. Héserr. Thank you very much, Mr. Griffith, for your attend- 
ance and testimony. 

Mr. Grirriru. Mr. Hébert. 

Mr. Heperr. Yes. 

Mr. GrirrirH. May I make one correction ? 

Mr. Héperr. Yes. 

Mr. GrirrirH. In my testimony. 

Mr. Héperr. Yes. 

Mr. Grirriru. As to the source of the concrete particles, that Mr. 
Bates raised. I said the grade control conference. It was the con- 
ference on pavement maintenance. 

Mr. Héverr. All] right. 

Thank you, gentlemen, very much. The committee will stand in 
recess until 10 o’clock, Wednesd: ay morning, at which time, Mr. Court- 
ney, I would like for you to ask the engineers—— 

Mr. Hnxss. The Air Force too. 

Mr. Hévert. The Air Force. 

Mr. Courrney. The engineers and the Air Force, those officers who 
were previously requested, and the Department of the Navy is repre- 
sented, I believe. 

Mr. Héserr. We will hear them on Wednesday at 10 o’clock. 

Mr. Courtney. On Wednesday of this week. 

Mr. Héserr. At 10 o’clock. 

Mr. Courtney. Which is the 3d of July. 

Mr. Hésertr. The committee will stand in recess. 

(Whereupon, at 12:08 p. m., the subcommittee was adjourned, to 
reconvene at 10 a. m., Wednesday, July 3, 1957.) 
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WEDNESDAY, JULY 3, 1957 


House or REPRESENTATIVES, 
CoMMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D.C. 
The subcommittee met at 10 a. m., the Honorable F. Edward Hébert, 
chairman of the subcommittee, presiding with the following members 
present: Mr. Cunningham, Mr. Bates, Mr. Osmers, and Mr. Miller. 
Mr. Courtney. Mr. Griffith, I think you have some additional data 


for the record which was referred to in your testimony, and also in 
your prepared statement. 


Mr. GrirrirH. Yes, sir; Mr. Chairman, in response to your request 
I have here the letter from the H. B. Zachry Co. that you requested 
the day before yesterday. I ask that be included in the record. 
Mr. Hérert. Without objection, it will be put in the record at the 
point we were discussing yesterday. 
Mr. Courtney. That is right. 
H. B. Zacury Co., 


San Antonio, Tezv., March 5, 1957. 
Mr. SHELDON HAYEs, 


S. G. Hayes & Co., 
Harvey, Ill. 


Dear SHELDON: Re the questions that you have raised regarding the Kelly 
job: We submitted an estimate on removing the whole 5 inches. The estimate 
was rather high as we anticipated difficulty in scarifying. The area engineer, 
after observing initial results, elected to remove only part of the wearing course. 

We used scarifier teeth on a maintainer. The upper surface was soft and 
easy to scarify. We bladed off the loosened material with a maintainer and 
actually only removed about % inch or approximately half of the wearing course. 
Had the full 5 inches of hot mix been removed, we believe the scarifier might 
have been insufficient and some type of heavy plow would have been necessary. 

The repaired surface consisted of surface course six as specified for the main 
runway (not what was originally in the test section which contained 5 percent 
asphalt). We believe the repaired test section will stand up much better than 
the original test section, even through the repaired layer was not placed with 
nearly as much compaction effort as the original test. For one thing, the pave- 
ment will have had the better part of a year of curing. For another, actual 
plane traffic will be normally intermittent and not a kneading action such as 
we gave it in the test by repeatedly passing a roller back and forth without 
there being sufficient time for recovery. 

I enjoyed meeting with you again in Dallas and hope that this information 
is what you desired. 

Yours very truly, 
J. D. LANG. 

Mr. Grirrirn. Also, I have here with me some additional informa- 
tion that has been prepared and I respectfully ask permission to in- 
clude it in the record. I think the committee in considering it will 
find it of importance to them. 
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Mr. Courtney. What does it relate to in general, Mr. Griffith ? 

Mr. GrirrirH. First, I have a list here of various airfield construc- 
tion bids that were requested since January 1. There are some 31, 
amounting to a total of approximately $108 million. 

This proposed construction includes paving. To our knowledge, 
none of this provides for alternate bidding for asphaltic concrete in 
those areas not considered critical by the 1954 hearings. 

Mr. Courtney. That will be made a part of his statement—— 

Mr. Héserr. Let me ask a question there. Did I understand what 
you said was that paving was asked in noncritical areas ? 

Mr. GrirrirH. These requests for bids 

Mr. Héserr, Yes. 

Mr. GrirrirH. Cover all types of work, at various airfields. In- 
cluded in that work is items for paving. To the best of our knowl- 
edge, alternate bids was not asked for paving in those areas considered 
noncritical by the 1954 hearings. 

Mr. Héserr. Now, were bids asked prior to the directive of the 
Department, or after the directive in 1956? 

Mr. GrirrirH. All of this, sir, a period of January 1, 1957. 

Mr. Héeerr. After the Department had issued its arbitrary direc- 
tive? 

Mr. GrirrirH. Yes, sir. 

Mr. Héserr. All right. 

(The construction bids are as follows :) 





et enmerete alternate not included 
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Mr. Grirriru. Now, the committee will recall that in Mr. Ken- 
nedy’s presentation for the Portland Cement Concrete Association 
it made quite a point of the ability of portland cement concrete to 
meet the smoothness tolerances required by the Air Force in its effort. 
to prevent porpoising or bouncing. The implication, at least, that I 
drew from the testimony was that only portland cement concrete could 
meet these very severe tolerances. I have here a letter from one of 
our members, Mr. Henry H. Claussen, in which he points up—he was 
the subcontractor on a job at Robins Air Force Base. It was com- 
pleted in 1956. 

Mr. Courtney. That is at Macon, in the State of Georgia, Mr. 
Chairman. 


Mr. Grirrira. He laid 140,000 tons of asphaltic concrete on the 
interior of a runway, which was 10,400 feet long and 300 feet wide. 
He also laid this material as an over lay on other pavement areas which 


were portland cement concrete and had disintegrated. I would like 
to read from his letter: 


The Air Force informed the Corps of Engineers that the tolerance of one- 
eight inch in 15 feet on the surface would be strictly adhered to. 


That should be 16 feet. 
I continue the quote: 


Needless to say, this was quite a task, but it was done, and the job completed 
with density, stability, and tolerance all within the specifications. The asphalt 
on this job actually checks to tolerances closer to the portland cement concrete 
ends. The runway has been in use only 4 months, but so far there has been no 
failure. 


(The letter is as follows :) 


CLAUSSEN-LAWRENCE CONSTRUCTION CO., 
Augusta, Ga., August 14, 1956. 
Mr. H. K. GrirFitra, 
Executive Director, National Bituminous Concrete Association, 
Washington, D. C. 


Drar Mr. Grirriti: We have your letter of August 7 requesting any infor- 
mation we might have on flexible pavement in airfield construction. 

Relative to paragraph 6 of your letter, we understand the Corps of Engineers 
will let a job on the Charleston (S. C.) Air Force Base in the near future which 
was to have been asphalt but has been changed to portland cement concrete 
overlay and extension. 

This firm recently completed a subcontract on the asphaltic concrete work for 
MacDougald Construction Co., of Atlanta, Ga., at the Robins Air Force Base at 
Macon, Ga. The project consisted of 1 new runway 10,400 feet long and 300 
feet wide with 7-inch waterbound macadam base and 214-inch binder with 
1%-inch surface. The runway ends for 1,000 feet were of 15-inch portland 
cement concrete. The job also included overlay of existing portland cement 
concrete runways with 6 to 8 inches of asphaltic concrete. Total tonnage in- 
volved was aproximately 140,000. The project was under the supervision of the 
Corps of Engineers, Savannah district. 

The Air Force informed the Corps of Engineers that the tolerance of one- 
eighth inch in 16 feet on the surface would be strictly adhered to. Needless to 
say. this was quite a task, but it was done, and the job completed with density, 
stability, and tolerance all within specifications. 

The asphalt on this job actually checks to tolerance closer than the portland 
cement concrete ends. The runway has been in use only 4 months, but so far 
there has been no failure. 

We might add that the old portland cement concrete runways that were over- 
laid with asphalt, and were built originally around 1942, had cracked very badly 
in the touchdown area under the extremely heavy traffic of all types of planes at 
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the base. If you are in the vicinity of Macon, it might be well worth the time 
to try to get in to inspect this project. 
Yours very truly, 
CLAUSSEN-LAWRENCE CONSTRUCTION Co. 
Henry H. Ciaussen, President. 

P. S—wWe received a telegram today postponing the Columbus Air Force Base 
asphalt paving job indefinitely. It may be that this job, too, is being changed to 
concrete. 

Mr. Grirrirn. I might add that since the imposition of those very 
rigid tolerances there has been a relaxation, of recent date. Our con- 
tractors knew of the impending relaxation and considered it seriously. 

Mr. Courtney. You mean the relaxation in criteria by the Air 
Force? 

Mr. Grirrirn. Of tolerances. 

Mr. Courtney. Of tolerances. 

Mr. Grirrira. Smoothness tolerances. They took the position that, 
if that was what was required, they would make no objections, al- 
though it was difficult to lay. Now, the next two items are copies of 
letters from members of the C orps of Engineers to one of our contrac- 
tors. 


The first letter deals with the period of 1943. This was on Morri- 
son Field, an Air Force base in Florida. It involved $925,000 for 


the reinforcing and extending of runways at Morrison Field. I shall 
quote here: 


This office was especially pleased with the manner in which you were able to 
complete badly needed portions of the work when required by the Air Force. 
The cooperative spirit of your organization in handling this work permitted this 
field, one of the most important in the United States, to remain in almost con- 
stant operation while all runways were completely resurfaced. A record was 
established in the district, if not for the country as a whole, when, in 7 days, 
during the period June 4 through June 20, 1945, a total of 13,265 ; gross tons of 
hot plant-mix asphalt was placed. The completion of this portion of the work 
as scheduled, which involved the resurfacing of the runway intersections, per- 
mitted the field to operate— 


and I emphasize “permitted the field to operate’”’— 
at a time when it was most vitally needed. 


I need not point out to you the seriousness of our situation in 1943 
along the east coast. 

The second letter is some 11 years later. It deals with the same sort 
of a problem, and it compliments the contractor on his ability to work 
24 hours a day around the clock, between the period of December 21 to 

1953, which was brought about by the requirements of the Air 
Force, the operational requirements of the Air Force. 
(The letters are as follows:) 


War DEPARTMENT, 
UNITED STATES ENGINEER AREA OFFICE, 
JACKSONVILLE, F'LA., DISTRICT, 


Miami Beach, Fla., Decembe r 21, 1943. 
Mr. J. M. Rustin, 


Wesco Construction Co., 
West Palm Beach, Fla. 


DeAR Mr. Rupirn: It is desired at this time to express to you and to your per- 
sonnel the sincere appreciation of this office for the splendid manner in which you 
conducted construction operations under your contract No. W—436-—eng-9910 for 
reinforcing and extending runways at Morrison Field, $925,254.75, was at all 
times well ahead of schedule. 
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This office was especially pleased with the manner in which you were able to 
complete vitally needed portions of the work when required by the Air Forces. 
The cooperative spirit of your organization in handling this work permitted this 
field, one of the most important in the United States, to remain in almost con- 
stant operation while all runways were completely resurfaced. A record was 
established in this district, if not for the country as a whole, when in 7 days, 
during the period June 14 through June 20, 1948, a total of 13,265 gross tons 
of hot plant mix asphalt was placed. The completion of this portion of the work 
as scheduled, which involved resurfacing of the runway intersection, permitted 
the field to operate at a time when it was most vitally needed. 

It is definitely considered by all concerned that the coming of your company 
into this area has brought a “new day” in asphalt paving to this State. Please 
accept our sincere thanks for the very substantial part your work has played 
in gaining for the West Palm Beach area engineer office a very high standing 
in the Jacksonville engineer district. 

Yours very truly, 
D. E. Eprert, 
Captain, Corps of Engineers, Area Engineer. 


Corps OF ENGINEERS, UNITED STATES ARMY, 
OFFICE OF THE DISTRICT ENGINEER, 
JACKSONVILLE DISTRICT, 
Jacksonville 4, Fla. 
RUBIN CONSTRUCTION Co., 
West Palm Beach, Fla. 


GENTLEMEN: Reference is made to your contract No. DA-08—-123-ENG—1440 for 
rehabilitation of airfield pavement, Palm Beach Air Force Base, West Palm 
Beach, Fla. 

All work under the referenced contract was completed in accordance with the 
terms thereof and to the satisfaction of the undersigned on March 4, 1954. All 
work is accordingly accepted as of that date. 

The contract provided that the pavement overlay on existing runways, phases 
1, 2, 3, and 4 be accomplished during the period December 21-31, 1953, which 
required operations on a 24-hour-day basis. It also provided that the work be 
accomplished in such manner as to cause a minimum of interference with opera- 
tional activities on the airfield. It was therefore necessary that the work be 
well planned and cordinated to eliminate any hazard to personnel and equipment. 
You planned the work in a very satisfactory manner, provided the necessary 
equipment and trained personnel, maintained maximum safety precautions and 
performed the work orderly and efficiently. Your cooperation with the resident 
engineer and his staff and the base commander and his staff was very commend- 
able. The result is that a hazardous but urgently needed job was completed in 
the minimum of time to the satisfaction of all concerned. 

The base commander has expressed appreciation for your cooperation with the 
base for the maximum safety precautions you maintained during the entire con- 
struction period. I wish to commend you and express the appreciation of the 
district engineer and his staff and the resident engineer and his staff for a fine 
job well done. 

For the district engineer : 

Sincerely yours, 
Roy T. DopGe, 
Colonel, Corps of Engineers, 
Contracting Officer. 


Mr. Grirriru. Now, last, gentlemen, throughout the testimony there 
has been many questions raised about the safety feature of airfield 
paving. The implication once or twice at least has been that only 
portland cement concrete will eliminate the possibility of a plane break- 
ing through the pavement. 

I have knowledge of only two such accidents. One of those was 
brought up in this committee and was not familiar to me. 

The other is the near accident that occurred in Pueblo, Colo., in 
January when the Presidential press plane, a DC-6B, with some 60 
White House correspondents, newsmen, and Secret Service men ac- 
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companying the President on a tour of the West and Midwest—this 
plane while slowly taxiing across a runway broke through and was 
mired down. The Navy was called on for help to rescue it. 

I have here the 2 newspaper articles and 2 pictures from the news- 
papers covering this incident. Thank you. 


Mr. Courtney. You mean the water table was high enough to re- 
quire the Navy to come in? 


Mr. He&serr. Was that rigid pavement there? 
Mr. GrirrituH. Yes, sir. 


Mr. Courtney. Was that a commercial airport or a military air- 
craft? 

Mr. Grirriru. That is a commercial airport, and it was a com- 
mercial airplane. 

(The articles are as follows :) 


NEAR ACCIDENT—PRESIDENTIAL PRESS PLANE 
PLANE MISHAP DELAYS WHITE HOUSE NEWSMEN 


PuEBLo, January 15.—President Eisenhower's visit to Pueblo Tuesday was 
marred by an airport mishap which delayed 60 White House press correspondents 
and Secret Service men aboard a special press plane. 

A 4-engined DC6-—B, chartered from American Airlines and carrying the Presi- 
dent’s press corps on his drought tour, broke through the concrete apron on which 
it was parked at the Pueblo Airport. 


The Columbine II, the President’s plane, already was taxiing into position for 
a takeoff after the President’s 33-mile tour. 


THEY BOARD PLANE 


Reporters, photographers, Secret Service men, and White House attachés 
scurried aboard their plane, which was to follow the President to Garden City 
and Wichita, Kans. 

F. E. Illiston, captain of the huge craft, started the engines. They warmed 
up for a few seconds, then the captain started slowly to wheel the plane toward 
the runway for the takeoff. 

The right front wheels moved slowly for about 20 feet. Then they broke 
through the concrete apron and sank hub deep below the concrete. The plane 
shuddered to a halt. 

Seconds later, the plane’s door was opened, a ramp was wheeled up. Some of 
the biggest names in newspaper reporting started scrambling back down to the 
ground shouting ‘abandon ship” as they emerged. 

There was a mad rush for Western Union wires and telephones ; then an equally 
mad rush for Murray Snyder, assistant White House press secretary, as the 
Columbine disappeared into the eastward skies, bound for Kansas. 


PLANE IS OFFERED 


Governor MecNichols immediately offered the use of a Colorado Air National 
Guard plane to fly 11 correspondents on to join the President in Wichita, missing 
the Garden City stop. 

Men with shovels, tractors, and trucks appeared to attempt to remove the 
bogged-down plane—which was sinking lower by the minute. Eventually, it was 
removed, but was held for a mechanical inspection while another plane was 
flown in from Dallas to pick up the stranded passengers. 

The Pueblo Airport, built in 1942, does not regularly handle 4-engine craft. 
However, it is deemed entirely capable of bearing their weight. 


LONG YEARS OF WEAR 


Sut the combination of long years of wear, pius breakup caused by freezing 
and thawing, was held responsible for the mishap. 

“Just think,’ commented one Pueblo businessman, “we get the President out 
here to see how dry we are—and then his press corps finds the only bog in the 
whole county right here at the airport.” 
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The Columbine II was parked about 100 yards away from the stranded craft. 
It experienced no trouble in its cautious departure from the airport. 

The 60 White House correspondents and Secret Service men aboard this 
charter American Airlines DC6—-B plane were stranded in Pueblo for several 
hours Tuesday after the huge craft broke through a concrete apron at the 
airport and half buried its wheels. 


U. S. Navy Hetps Rescue PLANE Bogcep DowN ON PUEBLO AIRPORT 


PUEBLO, CoLo., January 16.—The Navy came to the rescue Wednesday of 
a transport airplane “stuck” at Pueblo’s Memorial Airport. 

The plane, an American Air Lines DC—6, broke through thin concrete Tuesday 
as it was being taxied from the parking ramp with 65 newspaper, magazine, 
radio and television correspondents aboard. 

The correspondents were part of the party of President Eisenhower who 
stopped here Tuesday morning to make an inspection of drought areas south 
and east of Pueblo. 

Jack Keeler, airport manager, said the big plane was off the regular taxiway 
and was moving on a section of concrete which hadn’t had any work done 
on it since World War II. 

The concrete at the spot where the wheels broke through is only 4 inches 
thick, Keeler said. 

By Tuesday night, the airplane had sunk into the ground nearly to the top 
of the landing wheels. 

A special salvage crew of American Air Lines arrived in Pueblo late Tuesday 
from Dallas to supervise the job of getting the plane out of the ground. 

Wednesday morning a crew from Buckley naval air station at Denver arrived 
with two big rubber bags to be blown up under the planes wings. 

Inflated with compressed air, the rubber bags lift against the wing surfaces 
and elevate the airplane until material can be placed in the holes made by the 
wheels. 

FULL EXAMINATION 


American Air Lines officials decided Tuesday afternoon that it would not be 
safe to fly the plane, although there was no apparent damage, until a thorough 
inspection had been made after it was removed from the hole. 

Another DC-6 was flown to Pueblo from Dallas to pick up 45 of the corre 
spondents and fly them to Washington, D. C. The group took off at 6 p. m. 
Tuesday. 

A Colorado Air National Guard DC-3 was pressed into service Tuesday noon 
to take a group of 20 news service representatives, television network camera- 
men and secret service agents to Garden City and Wichita, Kans. President 
Hisenhower moved on to those localities after his tour here. 

Russell W. Rink, Pueblo city manager, said the incident pointed up Pueblo’s 
troubles with runway and ramp maintenance at the airport. 

“The whole airport is located on a base of adobe,” he said, “‘and it requires 
constant maintenance to keep the runways and taxiways in good repair.” 

The DC—6B press plane accompanying the President’s Columbine III plane 
collapsed through a thin section of runway at the Pueblo airport. Work was 
under way Wednesday to extricate the plane from the soft soil underlying the 
ramp. 





Mr. Grirrirx. I think perhaps—I am not sure—that at one time 
the airfield had been built by the military, but its use had been dis- 
continued. 

Mr. Courtney. Now does that conclude your presentation for the 
Concrete Association ? 

Mr. GrirrirH. Mr. Courtney, we still have with us today two con- 
sulting engineers that were retained by our association to look into 
the problem and give us their unbiased opinion and make inspections 
on certain bases which the Air Force graciously permitted us to visit. 

Those papers have been included in ‘the record, and those gentlemen 
are here today at your pleasure. 
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Mr. Courrnry. Well, Mr. Chairman, the statements of the two 
gentlemen to whom you refer 

Mr. Grirritn. Mr. Warren Warden and Mr. Schuyler Hudson. 

Mr. Courtney. Were received at the last meeting and are a part 
of the record. 

I may say to the gentlemen that the record is voluminous and I am 
sure covers all of the subjects in issue. I personally think that no 
questions that might be asked the witnesses—— 

Mr. Héperr. Their statement is in the record as of the last hearing? 

Mr. Courtney. Yes. 

Mr. Hesert. All right. 

Mr. Courrney. Thank you very much, Mr. Griffith. 

Mr. Chairman, there is one matter to be supplied for the record. 

A question was asked with respect to the accidents occurring on 
military airfields, and findings of the investigating boards which may 
or may not have attributed or have determined the causes, as the 
case may be, but where the boards’ findings indicated runway problems 
either in whole or in part. 

The accidents are reported, tabulated, and identified by field and by 
numbers. 

This statement is here, Mr. Chairman, for the use of the committee, 
and as part of the record. 

Mr. Ferry. I would like to comment. 

I would like to have Colonel Conner comment on that, if I may, 
for the benefit of all concerned. 

Colonel Conner. 

Mr. Courtney. Colonel Conner and Colonel Alexander, you bet- 
ter— 

Mr. Ferry. No. Iam going to ask General Dreier—Chris Dreier 
to come up. 

Mr. Courtney. Brig. Gen. Chris Dreier—— 

General Drerer. Dreier—D-r-e-i-e-r. 

Mr. Courtney. General, your official] position. 

General Drerer. I am De :puty Director for Real Property. 

Mr. Courtney. De puty Director for Real Property. 

General Dreier. In the Directorate of Installations. 

Mr. Ferry. And formerly—— 

General Drerer. Formerly was Director of Installations for Gen- 
eral LeMay at Headquarters, SAC, 

Mr. Courtney. Headquarters, SAC. 

General Dreier. Yes. 

Mr. Courrnry. Are you an engineering officer as well? 

Have you a profession: . bac keround 

General Drerer. Yes, sir; 1 am a professional engineer. 

Mr. Courtney. Mr. Chaieiiin, are there any questions with respect 
to the accidents at this point? 

Mr. CunninGuam. I have no questions. 

Mr. Courtney. Mr. Chairman, Mr. Ferry has returned with repre- 
sentatives of the Department of the Air Force for further responses 
that suggest themselves to him and for supplementing the record in 
the prior presentation of the Air Force. 

Mr. Heéserr. These witnesses are reappearing now as representing 
the Air Force in response to the committee’s desire to have competent 
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witnesses reply to the allegations made in previous days of the hear- 
ing ¢ 

Mr. Ferry. That is correct, Mr. Hébert. 

Mr. Héserr. That is the numerical number, and taking them down 
in 1, 2, 3 sequence. 

Mr. Ferry. We will comment on those points which have been 
raised in prior testimony which we think would be of interest to the 
committee, to hear our views. 

Mr. Courrnry. Mr. Chairman—— 

Mr. H&serr. The committee wants to hear specifically a reply to 
each allegation made by the representatives of the asphalt industry. 
That is the committee’s desire and their present invitation to have you 
up here today. Now, are you prepared to answer those? 

Mr. Ferry. Yes, sir; we are prepared. 

Mr. Héserr. And the committee does understand that the gentle- 
men now appearing for the Air Force are the competent representa- 
tives of the Air Force, and are expressing the official reply of the Air 
Force? 

Mr. Ferry. That is correct, Mr. Hébert. 

Mr. Heeerr. And not personal opinions. 

Mr. Ferry. That is correct, Mr. Hébert. 

Mr. Hézerr. Because, Mr. Ferry 

Mr. Frrry. [ will assume responsibility for all of the official state- 
ments; yes, Su’. 

Mr. Hiserr. Because, heretofore, as you well know, there have been 
certain differences in the testimony. 

Mr. Ferry. That is right. 

Mr. Hérerr. Whereby under cross-examination it was learned—in 
particular you could not answer for the Department. 

Mr. Ferry. That is right. 

Mr. Heénerr. But were only speaking for—— 

Mr. Ferry. That is correct. 

Mr. Hépert. We want to hear the Department’s viewpoint. 

Mr. Ferry. That is correct. I am speaking for the Department. 

Mr. Héserr. All right. 

Mr. Ferry. First, Mr. Chairman, I would like to have Colonel Alex- 
ander comment on this record of accidents within the Air Force, on 
asphalt and on concrete pavements. 

Mr. He&serr. Yes. 

Mr. Ferry. This record has been compiled by our Air Force Safety 
Division, who make a record—investigate and record all accidents in- 
volving either damage to planes or to people. 

This record was compiled at the request of Mr. Cunningham in order 
to demonstrate what is the relationship as far as numerical number and 
severity of accidents within our records that Colonel Alexander will 
comment on and summarize. 

Mr. Heserr. That is rigid compared to flexible? 

Mr. Ferry. That is right, sir. 

Mr. Héserr. All right, Colonel Alexander. 

Colonel ALexanperR. Mr. Chairman, these figures were obtained 
from the Flight Safety Center of the Inspector General’s Office at Nor- 
ton Air Force Base, Calif. 

They cover the two primary types of pavement. 
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The first summary on that sheet covers portland cement concrete and 
the combination of portland cement concrete and asphalt in the center 
portions of the runway. 

The second portion of the summary covers the all-asphalt runways. 

To read the report more accurately, we would need to know the 
actual exposure rate of aircraft to the two types of pavement. 

Due to the many airfields of a municipal nature, and foreign air- 
fields, we do not have an accurate number of yards of concrete and 
asphalt that aircraft are operating on today in the world. 

Soin judging this, that latter fact should be taken into consideration. 

If there are any further details on any one of the specific bases or 
accidents, we will be very happy to go back to the flight center and 
obtain them for you. 

Mr. CunniyeuAm. Colonel, I notice by the report the number of 
accidents were 33 for rigid and the loss in dollars and cents was $2,- 
716,000 and some adds and in the asphalt they had 30 accidents, and the 
dollar loss was only $1,364,000, with the same number of aircraft de- 
stroyed in each instance, and only three less substantially damaged 
with the asphalt. 

Now, that loss would be to the plane, I assume, that landed? Can 
you tell me why there would be less loss with a plane that was damaged 
by landing on asphalt than on concrete? 

In other wor rds, when there is a damage on concrete, is it more severe 
an accident than if it happens on flexible? Do you have any explana- 
tion for it? 

It isn’t evidently the difference between the cost of concrete and 
asphalt. The damage is to the plane. 

Colonel Atexanper. That is correct, sir. 

No, sir; I don’t have any explanation as between the two types. 

Mr. Bares. Is it the cost of the plane? 

Colonel Atexanner. It is the cost of the plane; yes, sir. 

Mr. Bartrs. Well, that is the answer; isn’t it? 

Colonel Atexanper. No, sir. 

I thought his question—— 

Mr. Ccunntncuam. Why would more expensive planes land on 
concrete than on the other? 

Is there a reason for that? 

Colonel Atexanper. No, sir. 

Mr. Cunninouam. I don’t think that is any answer, as to the cost 
of the plane. 

Colonel Atexanper. It is the cost to the plane—— 

Mr. Courtney. It is the damage to the plane. 

Colonel Atexanper. The value—— 

Mr. Cunntnauam. That is just it. Here are approximately the 
same number of accidents on two different airfields. The cost of the 
damage on one type of airfield is double, more than double, or about 
double, that of the other. Unless you had an entirely different kind 
of plane where the damage could be greater on one than the other—it 
runs right through and that isn’t to me a satisfactory answer. There 
is some other reason for it. 

Colonel Atexanper. I think the only way we could answer your 
question accurately would be to get the dollar cost of each one of those 
accidents and the degree of damage to the aircraft. 
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In other words, some of these accidents may be of a minor degree, 
whereas, another accident may cost $1 million. One accident may 
cost $1 million. 

Mr. Cunntneuam. ‘That is right. 

Colonel Arexanper. And the 30 of them might not cost but half a 
million. 

Mr. Cunntneuam. But the consistency of the differential in your 
report there tells me that there might be a reason why when there 
is an accident on one kind of pavement, the damage is greater than a 
similar accident on another kind of pavement, and I wonder whether 
or not that has been gone into. 

I think it is very v ital for this committee to know. 

Colonel ALexanper. We will certainly go back to our flight safety 
people, and pose that question to them, and furnish you their reply. 

Mr. Cunninouam. If it was just one plane that caused all the dif- 
ferential—— 

Colonel ALexanper. Yes, sir. 

Mr. Cunninouam. I could understand it. But here is more or less 
a consistency, as I see your report, in going through there, with ap- 
proxim: ately the same number of accidents. 

Colonel Arexanper. Yes, sir. We will be glad to have the flight 
safety people search the record. 

Mr. Héserr. Mr. Osmers? 

Mr. Osmers. Colonel, do you think that it is possible from an engi- 
neering standpoint to state that a certain accident had as a primary 
or contributing cause the runway? 

Colonel ALEXANDER. Let me see if I understand you, sir. 

Mr. Osmers. Well, you have so many variables. 

Colonel Atexanper. Yes, sir. 

Mr. Osmers. You have wind. 

Colonel ALEXANDER. Yes. 

Mr. Osmrrs. You have defective brakes. You have a lot of differ- 
ent—vyou could even have a human failure on the part of the pilot. 

Do you think it is possible to cut right down through all of your 
accidents and come up with figures that really have meaning as to run- 
ways in connection with these accidents # 

Colonel ALExANnper. I think it is highly doubtful, sir. 

Mr. Osmers. Sodol. It just doesn't seem to me that these figures— 
there are so many factors. First, you would have to know whether 
we are talking about the landings and takeoffs of 5,000 planes on con- 
crete and 1,000 on flexible. I think if the figures do anything, they 
probably mislead us. , 

Colonel Arexanper. That was my first statement, that led into that 
area, was that the exposure rate of the aircraft to the two types of 
pavement really gives the credit of the ability of one pavement over 
the other to be more accident free. 

Mr. Cunnineuam. But, Colonel, you give on your report here sub- 
stantially the same reason for the accidents on each one. 

Colonel ALexANnvER. That is correct. 

Mr: CunninGHAM. Poor braking action on wet runways, and so on. 
That is about the same to me. 

Colonel ALExANpER. Yes, sir. 

Mr. Cunn1inGHAM. I just wondered if you have any explanation at 
thistime? Idon’t want to belabor the question. 
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Colonel ALEXANDER. No, sir. 

I would have to get details from the Flight Safety Center on those 
accidents. 

(The accident report is as follows:) 

AIRCRAFT ACCIDENTS WHICH WERE ATTRIBUTED TO RUNWAYS AS PRIMARY OR 
CONTRIBUTING CAUSE Factors FoR PERIOD JANUARY 1, 1954, Trrovucn APRIL 
1957 

(Furnished by the Office, Inspector General, USAF) 
A. Concrete or combination of concrete and asphalt runways 


Number of accidents___-- 


33 
eCPET Ee \OORITOWOG. 63 Sone hs ee ee ne a 3 
Seaver Gemaie | CORMRG 8 ee ee eoune 30 
RN TO ne occa i catints db chiceendttiae that dada a ae 


Cause 
1. Poor braking action on wet runways, 30 accidents: 


AIRFIELDS 


3oulhaut, Morocco K-2 Air Base, Korea 
Birmingham Municipal Airport, Ala. Kinross Air Force Base, Mich. 
Bitburg Air Base, Germany Mitchel Air Force Base, N. Y. 
Ping Tung Air Base, Formosa Lajes Field, Azores 

Aviano Air Base, Italy Brookley Air Force Base, Ala. 
Ashiya Air Base, Japan Hensley Field, Tex. 

Amon Carter Field, Tex. Baier Field, Ind. 

Landstuhl Air Base, Germany England Air Force Base, La. 
Dow Air Force Base, Maine Langley Air Force Base, Va. 
Goose Air Force Base, Labrador Robins Air Force Base, Ga. 
Geiger Air Force Base, Wash. Dobbins Air Force Base, Ga. 


Type aircraft—B-57, B-25, F-94, F-S84, T-33, F-S6F, F-S6D, B-26, C54, 
F-—80, F-110—D, F-S4E. 


2. Irregular runway surface, 3 accidents: 


AIRFIELDS 
Hensley Field, Tex. Berry Field, Tenn. 


Type aircraft.—¥F-80, T-33. 


B. Asphalt runways 


TO BE OCIA ik ba ink bik en th ett hidden 50 
BIPCPEEE. -GORITOIOG qo i ttre sie ‘Litiecgiaictanoicige badge Mas alate 3 
RU EIR I » SUDA TNOUE OI ki iseiestincctninenith ithcie s k teltninceniceaeninsigi 27 
II a nccenassepamanetenyeuieiiennenitpaseruncinken mandala tbaeclae bide depen teak $1, 364, 342 
Cause 


1. Poor braking action on wet or deteriorated runway surface, 22 accidents: 


AIRFIELDS 
Adams Field, Ark. Semback, Germany 
Wethersfield Air Base, England Palm Beach Airport, Fla. 
Toul-Rusiere Air Base, France Amarillo Air Base, Tex. 
Eglin Air Force Base, Fla. Galena Air Base, Alaska. 
Hickam Air Force Base, T. H. Gila Bend Auxiliary Field, Ariz. 
Hamilton Air Force Base, Calif. Lakenheath Air Base, England 
Moody Air Force Base, Ga. Sturgate Air Base, England 
Miami International Airport, Fla. Greater Pittsburgh Airport, Pa. 


Nellis Air Force Base, Nev. 

Type aircraft.—F-80, F-84—-F, T-33, C-97, F-86H, B-47, F-84G, B-17, F-86F, 
F-94C 

2. Irregular runway surface contributing to porpoising, 6 accidents: 
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AIRFIELDS 
Eglin Air Force Base, Fla. Barstow Airfield, Fla. 
Holloman Air Force Base, N. Mex. Philadelphia International Airport, Pa. 


Logan Air Force Base, Mass. 


Type aircraft.—F¥-100D, T-33, F-94A 
3. Irregular runway surface caused aircraft to become momentarily airborne 
resulting in premature gear retraction, 2 accidents: 


AIRFIELD 
Newcastle County Airport, Del. 


F-94C. 


Mr. CunninGHam. That is all, Mr. Chairman. 

Mr. Osmers. As a practical matter, Mr. Chairman, I wonder if the 
colonel feels that there has been some demonstrated superiority of one 
type of runway over the other insofar as these accidents have been 
concerned, assuming that both runways are in good condition ? 

Colonel ALExaNnper. In my discussions with operational type peo- 
ple in the Air Force, they do give greater credit to rigid pavement as 
far as visibility goes. They express in landings, when they are com- 
ing in on a dark and rainy night, that a black surface appears as a 
hole to a pilot. 

There have been comments to the effect that 

Mr. Osmers. This would also make it easier for the enemy to find, 
wouldn’t it ? 

Colonel ALtexanper. Yes, sir, if it was in 2 combat zone; yes, sir. 

Mr. Osmers. Well, aren’t you dealing mostly, Colonel—if I might 
ask him, Mr. Chairman ? 

We are concerned primarily with the large bomber-type aircraft. 
That is what leads us to this investigation here. And don’t you 
think that for the most part you are going to land planes of that 
type largely with instruments / 

Colonel ALEXANDER. Oh, no, sir. 

Mr. Ferry. No, sir. 

Mr. Osmers. No? 

Colonel ALExANnpeER. No, sir. 

Mr. Osmers. You are going to come in visually in the dark. 

Colonel ALEXANpER. Inall kind of weather. 

In other words, we have all kinds of runways and all kinds of flying 
capability. 

Mr. Miuier. Does the gentleman yield ? 

Mr. Osmers. Yes. 

Mr. Miter. Colonel, aren’t you up against almost the same situa- 
tion when you drive a car? 

There are times when a white concrete pavement is much better and 
there are other times when the dark pavement is better on a bright 
sunshiny day or when the snow is on the ground and you can’t see the 
center marker, as white wouldn’t do you very much good. At night, 
it is fine. In daytime it isn’t. But the condition changes so r apidly. 
I would hesitate to say that you should have all white or all black 
pavement. Isn’t that a good deal the same in landing on an airfield? 





Type aircraft. 








There are times perhaps when landing into the bright sun with a black 


pavement would be much better than a white pavement ? 


Colonel ALexanper. I am not a pilot, Mr. Miller, but I think that 
what you have to say has some merit. 
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Mr. Miiirr. There is that factor. 

Colonel ALExanper. Yes, sir. 

Mr. Mitier. And it is one that varies so much that you would have 
to have some way of changing the color of those pavements from time 
to time to meet the local conditions at a given time in the day. 

Mr. Osmers. Of course, Mr. ( ‘hairman, if you followed the argu- 
ment of visibility, that means on any coral situation for example, 
where you had a white background, you would then, eliminating all 
other factors, use a flexible type pavement because it would be dark 
and therefore easier to see in a lighter background, in a snow back- 
ground or a coral background. 

Mr, Mitier. Conditions could change in the same place from hour 
to hour, and from season to season. 

Mr. Ferry. May I 

Mr. Mriier. May I ask this question, Mr. Chairman? 

Mr. Héperr. Yes, sir. 

Mr. Minier. Just glancing down through here, I noticed in the first 
group a good many of them are outside the continental limits of the 
United States. 

Are those airfields that were constructed outside the continental 
limits—have they always been constructed up to the high standard. 
that is, has it been possible to construct them up to the high standard 
that we have here in the United States ¢ 

Weren’t some of these put in under sort of a crash program ? 

Mr. Ferry. I will have to answer that in the most general terms, 

ir, because we do not talk of specific fields. 

Mr. Minter. No—— 

Mr. Ferry. But, generally, on American fields—— 

Mr. Mitxer. I didn’t say specific fields. I said outside of the United 
States. 

Mr. Ferry. Generally, on our fields constructed under the super- 
vision of our construction agents, the Corps of Engineers—— 

Mr. Mititer. And United States materiel 

Mr. Ferry. And United States materiel, are of higher quality than 
foreign fields that have been constructed not necessarily to our stand- 
ards, and not necessarily to our specifications, and without the super- 
vision of our constructing agents. 

Mr Mitier. We were in a hurry and, as a matter of expediency, 
we let the bars down. I have in mind one field outside of the United 
States, that I happened to be in the first plane that landed there. I 
know that field is not up to the standards. It is one of the fields that 
we don’t have full — rol of. We would like to have it up to the right 
standard. I think—I didn’t notice whether that particular one is 
listed here or not. 

Mr. Ferry. I don’t think this accident report can be considered econ- 
clusive evidence either way, in favor of either concrete or asphalt, as 
far as safety is concerned, and I think it would be a mistake to put too 
much stress on this point. I think it becomes a subsidiary point in 
this discussion here, which is wandering, perhaps, a little far from the 
basic essential of it. 

Mr: Mitzrr. As I look at it, I am inclined to agree with you. 

Mr. Hépnerr. All right. 

Mr. Ferry. May I cali now on General Dreier, who, as he has stated 
for the record, was the installation engineer for SAC out in Omaha 
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and as such was the engineer in charge of supervision, inspection, pro- 
graming, and such, for General LeMay’s SAC outfit? The statements 
have been made that General LeMay had a preference as between rigid 
and flexible pavings for SAC bombers. I will ask General Dreier, 
who has been intimately connected with this, to speak, of his own 
knowledge, of General LeMay’s S position on this matter. 

Mr. Heserr. I think 

General Drerer. I think 

Mr. Heserr. Unless General LeMay has told the general what to 
say, I don’t think 

Mr. Ferry. No, sir. 

Mr. Héserr. Then it is an opinion, and General LeMay would be 
the best witness to testify to what he thinks. 

Mr. Ferry. I hesitated to bring the the general here today, because 
1 had the spokesman for him who was intimately connected with the 
matter for several years. 

“—_ Hesert. Unless General LeMay told him specifically what to 
say, I don’t think it is competent testimony at this time. 

Mr. Ferry. Can I ask General Dreier, in that case, to state his own 
view on the subject, as installations engineer for SAC ? 

Mr. Heéverr. His own view, certainly. 

General Dreter. I can say that General LeMay has told me very 
emphatically that he has a preference for rigid airfield pavement, 
and he did want portland cement concrete pavements for his airfields 
wherever it is possible. 

Mr. He&serr. In all areas? 

General Dreier. He gave me specific instructions along those lines. 

Mr. Heserr. In all areas? 

General Dreter. In all airfield areas, yes, sir, for airfield pavements. 
I differentiate between airfield pavement and highways or roads, and 
streets, and so forth. 

Mr. H&szerr. So, in other words, you are reexpressing what you say 
General LeMay told you—it certainly would be noncritical areas, as 
far as he isconcerned. He just wants concrete, period. 

General Dreier. He has the feeling that wherever his aircraft go or 
are parked are critical areas as far as he is concerned. 

Mr. Héserr. That is specific. He just wants concrete, period. 

General Drerer. He wants concrete; that is right. 

Mr. Cunnincuam. I think that has been obvious from the begin- 
ning, has it not, Mr. Chairman? 

Mr. Héperr. It has. 

Mr. Cunntncuam. That the Air Corps prefers—— 

Mr. Héserr. Air Force, Mr. Cunningham. 

Mr. Cunnincuam. Air Force; yes. 

Mr. Frrry. Mr. Chairman, this entered in the record not to be 
argumentative or otherwise. Merely, it is a part of the discussion 
which took place as to General LeMay’s preference in the matter, and 
I thought it would be well to clarify it. 

Mr. Héserr. I think it has been clarified, Mr. Ferry. 

Mr. Ferry. Thank you very much, sir. 

Mr. Hénerr. You want alcohol, champagne, or whisky; that is all. 
General LeMay wants champagne, period. 

Mr. Ferry. Yes. 


94407—57 26 
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Mr. Hénert. All right; let’s proceed, Mr. Courtney. 

Mr. CourtrNry. One question of General Dreier. Of course, the 
statement you make is based upon the premise that the design is ade- 
quate to support the load, regardless of the surfaces; i isn’t that right? 

General Drerer. Well, ‘obvi iously, that follows; that is right. 

Mr. Courrnery. Yes, sir. We want to be sure we have an | adequate 
design. 

General Drerer. That is correct. 

Mr. Courrney. In view of the accident rate that has been talked 
about. That is all, General. 

Mr. Ferry. Now, I have with me—thank you, General Dreier. 
Would you stay around ? 

Mr. Heserr. General. 

Mr. Ferry. General, one moment. 

Mr. Hézert. The opinion you just expressed of what General Le- 
May has told you—do you concur in that? 

General Dreier. Very definitely ; yes, sir. 

Mr. Hézerr. That is right. You wouldn’t bea deputy if you didn’t 
concur in the chief’s statement. 

Mr. Courtney. So it is an easy decision, isn’t it ? 

Mr. Ferry. May I proceed ? 

Mr. Heéserr. Let us get off the record until I get the record here I 
want in front of me. 

(Discussion off the record.) 

Mr. Heperr. I am referring to the Kelly test 

(Discussion off the record.) 

Mr. Héperr. On the record. Now, I am addressing myself to the 
specific observations and allegations made in connection with the 
much-discussed Kelly test. 

(Mr. Wellborn’s full report, as covered by exhibit D-2 on the 
Kelly test, is as follows:) 





SUMMARY REPORT ON THE STATUS OF FLEXIBLE PAVEMENTS FOR HeAvy MILITARY 
AIRCRAFT 


By Arvin 8. Wellborn, chief engineer, the Asphalt Institute 
Preface 

In recent weeks, elements of the engineering press, armed with insufficient 
information, have attempted to appraise the status of flexible pavements for 
modern military airfields. These appraisals have been based on incomplete 
data from a single pavement test conducted during the summer of 1956 at Kelly 
Air Force Base in Texas. 

It is the considered judgment of the Asphalt Institute, after an extensive 
review of all the facts, that the test at Kelly AFB could have ended no other 
way than distress in the asphalt section. A combination of factors, readily 
understood by asphalt technologists, doomed the pavement to failure before the 
first test loading was placed on it. 

Further, since the suspension of testing at Kelly, new pavement test-loading 
conditions have been established that are totally unprecedented in the history 
of pavement design. In fact, the new conditions have removed payement design 
entirely from the realm of contemporary paving technology and placed it in a 
new and uncharted dimension. 

It must be borne in mind that flexible pavements today are serving fully the 
requirements of our heaviest bomber aircraft at many Air Force installations. 
Consequently, we must apply very criticel judgment to the results of the Kelly 
test and ask: Why failure here? 

3ecause the accounts of the Kelly AFB test have lent themselves to gross 
misinterpretation, seriously injuring the reputation of all flexible pavements, 
this engineering examination of the situation must be offered. 
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History 


Some elements in the Air Force long have expressed dissatisfaction with 
flexible pavement and, in 1954, announced they were specifying concrete paving 
for those critical areas subject to jet after-burner blast and excessive fuel 
spillage which might have a harmful effect on asphalt pavements. 

In December of 1955, the Secretary of Defense authorized the Air Force to 
extend the term “critical” to include all “primary use areas,” including those 
areas not subject to this spillage and heat blast. In defense of its new policy, 
the Air Force claimed failures im flexible pavements wherever the channelized 
traffic of the new B—47 bombers was applied. Seven heavy bomber bases were 
cited where such failures were alleged to have occurred. 

Granted permission to inspect these fields, the Asphalt Institute determined 
that only 3 of the 7 airfields showed distress that could not be corrected with 
normal maintenance procedures. In the three cases of severe distress, the cause 
was traced to faulty design or construction. In one instance, elementary drain- 
age had been largely neglected. At another base, it was learned that distressed 
areas had not been compacted before paving. In only one case was the distress 
traced directly to the asphaltic concrete surface and in this instance the pave- 
ment did not meet the design requirements. In most cases, proper maintenance 
operations were virtually nonexistent. 

The United States Corps of Engineers expressed their confidence that asphalt 
pavements are entirely capable of withstanding the channelized traffic and sup- 
ported this position with data from test panels constructed at their Flexible 

2avements Branch at Vicksburg, Miss. The Air Force declined to accept this 
as conclusive evidence and requested that a demonstration-type section be con- 
structed under normal contract conditions. Kelly Air Force Base was selected. 

Existing criteria were applied to the test sections, except that the test-loading 
requirements were increased from 1,500 to 30,000 coverages of 100,000-pound dual- 
wheel loads under accelerated traffic and at pavement temperatures in excess of 
90° F. (It should be noted that this increase in coverages was a twentyfold 
increase at high temperatures for flexible pavement. At the same time the in- 
crease in coverages for the rigid section was only sixfold.) 

During the construction of the pavement, it became apparent to the Asphalt 
Institute, serving as an observer, that the paving mix required by Air Force 
mandate was clearly too rich to sustain the accelerated test traffic immediately 
after construction, in the midsummer Texas heat. Any experienced asphalt 
technologist knows how an overrich asphalt mix will behave. 

When the institute’s worst fears were realized and the pavement showed early 
distress, the asphalt industry proposed that the faulty test section be removed 
and reconstructed with a more appropriately proportioned mixture. The Air 
Force declared itself satisfied with the results and ordered the tests terminated— 
although normal procedure by experienced engineers under these circumstances 
would have been to modify the mix, making it leaner, and retest. 

Analysis of the test 


For reasons not entirely clear, the test called for 30,000 coverages at accel- 
erated rate of the 100,000-pound gear load at pavement temperatures not lower 
than 90° F.—although it is apparent that these extreme conditions will never be 
encountered in actual airfield operations. The existing mix design criteria then 
in use by the Corps of Engineers called for 1,500 coverages of accelerated traffic 
under high-pavement temperatures. Pavements designed by these criteria are 
today carrying heavy bomber traffic without distress. 

The decision to step up the tempo of the accelerated traffic in the hottest 
summer months must be recognized as an unrealistic requirement. This ac- 
celerated traffie coverage was scheduled at a rate of 500 coverages per day, 
which is the equivalent of a full month’s usage of the pavement under prototype 
traffic. To withstand this type of testing it is only logical that the asphalt 
mixture should have been designed with a proportionately leaner asphalt 
content. This was recognized by the Corps of Engineers. However, they were 
not given the opportunity to adjust the mix and retest. 

Let us summarize the curiously mixed factors that were jammed into the 
test equation: 

1. The Air Force required the asphalt pavement to be designed on the basis 
of criteria established with 1,500 coverages of accelerated test traffic at high 
temperature. 
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2. Test traffic applied at Kelly, however, was 30,000 coverages, or 20 times 
the amount on which the pavement mix design criteria were based. 

3. All test traffic was applied at Kelly under high pavement temperature 
conditions, a situation not encountered in actual airfield pavements. As any 
technologist knows, this is abnormally severe for asphalt pavement and not 
similarly severe for rigid pavement. 

4. Spacing of test traffic load wheels was 20 feet instead of approximately 
40 feet, as for the B47 aircraft. This factor may have eliminated for all 
practical purposes rebound and recovery factors and induced interfacial stresses 
of a high order of magnitude. 

5. So-called antistrip additive was placed in the hot asphalt mixture. This 
procedure is contrary to the published policy of the Asphalt Institute and 
could have contributed to the distress that developed. 

In effect, the Kelly test was no test at all. This was recognized by an 
official of the Corps of Engineers who, at a conference of the interested parties, 
later declared the asphaltic concrete surface placed on the demonstration test 
section at Kelly AFB was, in his opinion, still the best flexible airfield pavement 
for prototype traffic and a pavement just a little bit leaner would have carried 
30,000 coverages of accelerated traffic without failure. 

In all probability, the pavement built at Kelly, under any but the special 
and peculiar circumstances of the test, would have demonstrated a capacity 
to serve the requirements of our heaviest bombers without distress during the 
normal life expectancy of the pavement. 

(me thing the aborted Kelly test did demonstrate: Base and subbase for 
flexible pavement can he built by normal contract. procedures that will with- 
stand accelerated traffic of these heavy wheel loads, and perform to the com- 
plete satisfaction of the most exacting engineer. In the confused accounts of 
the Kelly episode this is a fact that has been obscured. 

New test conditions 

Since the Kelly test, the Asphalt Institute has learned that new test loading 
concitions have been established which are not only totally without precedent 
but far exceed the limits of present engineering knowledge. The Corps of 
Engineers have embarked upon a program of testing pavements under 30,000 
coverages of test loads of 325,000 pounds on twin tandem gears (81,250 pounds 
per tire) at tire pressures of 525 pounds per square inch and at pavement 
temperatures not lower than 90° F. 

These wheel assembly test loads are approximately three times those of the 
B47 bomber. They are far in excess of landing gear loads of any civil air 
transport, propeller or jet, existing or contemplated. 

Designing any type of pavement to meet these test loads is an extrapolation 
into the unknown which can be established only through research. Knowledge 
must be gained through continued testing. Yet, testing by the Corps of Engineers 
has been suspended because no further funds have been allocated by the Air 
Force. 

The Asphalt Institute believes this is a problem of vital concern to the national 
defense and the national economy. It feels that adequate research funds should 
be allocated from the defense budget if we earnestly hope to preserve properly 
engineered construction for our Military Establishment. With $43 billion of a 
proposed $72 billion national budget earmarked for the Department of Defense, 
the lion’s share of which will be expended for air defense, it seems reasonable 
to expect a modest appropriation for continued airfield pavement research. 

The institute will, of course, continue its own research in this direction. Mean- 
while, however, if there is any construction method which has proved it can meet 
these new test conditions, the institute wishes to propose this interim solution: 

The pavement distress under these increased test loads occurs exclusively in a 
narrow track along the centerline of the runways and taxiways. Consequently, 
as an interim solution, it is suggested that the Corps of Engineers and the Air 
Force confine to the ends and center strips of its rnnways and taxiways whatever 
special construction may be required to handle this unprecedented channelized 
traffic. It is further suggested that the remainder of the runways and taxiways 
continue to be constructed of asphalt pavements because of their proven adequacy 
and economy. 

This, we repeat, is offered as an interim construction policy in a period of 
accelerated transition, both in aircraft and pavement design. 

It is pertinent to point out that 7 of our 10 busiest civilian airports are served 
by asphalt pavements. Nor does Commissioner James T. Pyle, of the Civil Aero- 


AIRSTRIP PAVING MATERIALS 2271 


nautics Administration, anticipate any need to make drastic changes in pavement 
design to accommodate tomorrow’s jet transports. He has expressed the convic- 
tion that today’s runway pavements, with some extensions where indicated, will 
be adequate for the transports now in design stage. 
The false analogy 

The Asphalt Institute is seriously disturbed by the misleading interpretation 
being assigned to the abortive and unrealistic pavement test at Kelly Air Force 


Base. The erroneous conclusions are being applied, frequently in all innocence, 
to highway construction. 

Even if it were a valid test, which it was not, the Kelly Air Force Base test 
could not yield data that would apply to highway paving needs. The extreme 
range of tire loads rules out even the remotest relationship. The maximum legal 
tire load permitted on our highways lies within the 5,000-pound-6,000-pound 
range. The Kelly test used a 50,000-pound tire load. 

Further, highway truck tire pressures average 70 p. s. i.; aircraft tire pres- 
sures used in the Kelly test were 200 p. s. i. 

In the last 10 years the technology of asphalt paving has made tremendous 
strides. Whether a flexible pavement can be designed and built to meet the al- 
most incredible test loadings recently introduced at Vicksburg (325,000 pounds 
at $25 p. s. i. and so forth) is a question that only time and patient research 
ean answer. Whether any construction can pass the test is an interesting matter 
for conjecture. 


Meanwhile, thoughtful paving engineers will recognize the distinction between 
two very dissimilar pavement criteria (military bomber requirements versus 
civil airfield and highway needs) and will refuse to be led astray by a false 
analogy. 

Mr. Héperr. Specifically, Mr. Wellborn made this statement. Iam 
directing the question to the Kelly tests— 

The Air Force required the asphalt pavement to be designed on the basis of 
criteria established with 1,500 coverages of accelerated test traffic at high pave- 
ment temperature. 

Is that correct ? 

Colonel ALexanpeER. No, sir. 

Mr. Héserr. Allright. It is your statement. 

Colonel Anexanver. Mr. Chairm: in, Air Force Headquarters and 
OCE prepared a statement which comments on the exhibit that Mr. 
Weilborn put in this folder that he has handed to you. 

We have answered paragraph by paragraph every one of the alle- 

gations made on this test. This is a a joint paper that I have. 

Mr. Courrney. Are there copies available, Colonel ? 

Mr. Foco. Do you have some copies of them ? 

Colonel ALEXANDER. Let me see. 

Mr. Ferry. Off the record, Mr. Hébert—— 

Mr. Héserr. Off the record. 

( Discussion off the record.) 

Mr. Héserr. I recognize that you all must have been working 
pretty zealously. 

Now, Colonel, I repeat the question. What is your answer to it? 

Colonel Avexanprer. Mr. Chairman, reading the statement that we 
answered specifically—it is parallel to that, but I would like to read 
the one which is extracted from his exhibit. 

Existing criteria were applied to the test sections, except that the test loadings 
requirements were increased from 1,500 to 30,000 coverages of 100,000 pounds 
dual wheels loads under accelerated traffic and at pavement temperatures of 90° 
F. (It should be noted that this increase in coverages was a twentyfold increase 


at high temperatures for flexible pavement. At the same time, the increase in 
coverages for the rigid section was only sixfold.) 
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That was Mr. Wellborn’s statement. 

The comment of the Air Force and the Corps of Engineers: 

The comparison between the increase in coverages from 1,500 for flexible 
pavements and for rigid pavements to 30,000 coverages is considered to be im- 
material, although the existing criteria were based on accelerated traffic tests 
carried to only 1,500 coverages, it is considered that the criteria were ade- 
quate for 5,000 coverages in an accelerated traffic test. There was no test re- 
quirement that the traffic should be applied when pavement temperatures were 
in excess of 90° F. However, asphalt concrete pavements should perform ade- 
quately at this temperature. The pavement temperatures of the asphalt pave- 
ment during the application of the traffic coverages (May and June of 1956) 
ranged from 67° F. to a maximum of 131° F. A substantial portion of the 
traffic was applied when the pavement temperatures were in excess of 90° F. 

Mr. Héserr. Now, Colonel. 

Colonel ALEXANDER. Yes, sir. 

Mr. Hésert. Mr. Wellborn said: 

The Air Force required the asphalt pavement to be designed on the basis 
of criteria established with 1,500 coverages of accelerated test traffic at high 
pavement temperature. 

Is that correct or not correct ? 

Colonel ALExAnper. That is not correct. 

Mr. Héserr. You did not instruct the engineers to build this test 
strip under this criteria, this statement ? 

Colonel Atexanper. We did not specify any number of coverages 
to the Corps of Engineers for the test strip. 

Mr. Hépserr. What did you tell them to do when you told them to 
build a test strip ¢ 

Colonel ALexanper. Let’s see. I believe I have—well, I will sum- 
marize. I think I have the actual letter to the Corps of Engineers. 

Mr. Hésert. It is very simple: Did you or did you not tell them 
to build the airstrip on certain criteria ? 

Colonel ALEXANDER. We asked them to build a demonstration test 
of flexible and rigid pavement that would support channelized traffic, 
period. 

Mr. Héserr. And you did not specify 1,500 coverages ? 

Colonel Atexanper. No, sir. 

Mr. Héerrr. Ali right. 

Let’s go to the second one. Let me ask there: In connection with 
that, what intent did you have on your centralized traffic, or concen- 
trated traffic? How many coverages did you intend ? 

Colonel Atexanper. Thirty thousand, sir. That was an agreed 
coverage figure by the Corps of Engineers and the Air Force. 

Mr. Héeerr. Well, now, I have to call your attention to the tes- 
timony, as I recall it, that—it was Foster testifying for the engineers, 
who testified that they constructed the flexible to take 1,500—rather, 
the maximum was 1,500 coverages, but in order to play it safe they 
constructed what they thought would take 30,000 coverages, and it did 
not take the 30,000 coverages. I recall that testimony. 

Colonel ALEXANDER. Yes, sir. 

Mr. Hésert. Now, do you want the committee to understand that 
the Air Force specifically told the engineers to construct the flexible 
pavement to take 30,000 coverages? 

Colonel AtexanpeR. No, sir; I don’t want to beg the question, Mr. 


Chairman. 
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Mr. Héserr. I don’t want to beg it, either. I want to get an an- 
swer. 

Colonel ALEXANDER. We asked the Corps of Engineers to build us a 
demonstration test track proving that their current design for chan- 
xelized traffic was adequate. We did not go into the number of cov- 
erages for the test track. 

In previous discussions with the Corps of Engineers on related sub- 
jects, we had agreed that the probable life of a pavement would go 
up to 50,000 coverages. 

3ut going back, when we asked them to build the Kelly test track, 
we spec ‘ified no cov erages. We said channelized traflic for both 
types of pavement. 

Mr. Courtney. Then you knew that 30,000 coverages would be the 
test that would be applied ¢ ¢ 

Colonel ALEXANDER. That is correct. 

Mr. Iieserr. And did you know that the flexible was not con- 
structed to take the 30,000 coverages, except as a maximum; that it 
was an average coverage; that in reality it was constructed basically 
to take the 1,500 coverages ? 

Colonel ALEXANDER. No, sir; I didn’t know that. The Air Force 
didn’t know that. 

Mr. Hépert. So you started off by making a test on something you 
didn’t know what its maximum capability was? 

Colonel ALexanver. No, sir. We asked the Corps of Engineers to 
build a demonstration test track to carry channelized traffic. And 
the details of the thickness, of the asphalt content, of the gradations, 
of the base course—all of those things were the prerogative of the 
Chief of Engineers. 

He is responsible. 

Mr. Héserr. Then if the engineers testified that they constructed 
the flexible portion of the test strip on the basis of 1,500 coverages 
with an estimated 30,000 coverages, you, the Air Force, were not get- 
ting what you thought you were getting? 

Colonel ALEXANDER. That could be. 

Mr. Héserr. That is all I want to know. But you didn’t tell them 
to do it and if there was a difference in the construction, it was the 
engineers who failed to give you what you thought they were giving 
you! 

Colonel ALExaNprerR. That is correct. 

Mr. Heserr. All right. 

{tis very hati if you answer the question. 

The second observation: 

Test traffic required at Kelly, however, was 30,000 coverages, or 20 times the 
amount on which the pavement mix design criteria were based. Therefore, for 
these conditions, the asphalt mixture was clearly too rich. 

Do you have any comment on that? I think you answered it, but 
I ask you again. You answered that you expected 30,000, yet they 
say it was constructed only to take 20 times less than that. Therefore 
it was an overexposure to the actual construction of the strip as 
related to flexible ? 

Colonel Atexanper. Yes, sir; I have just testified -—— 

Mr. Hepert. I say you have. 

Colonel ALEXANDER. Yes. 
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Mr. Héserr. I am just repeating it to keep it in line. 

Colonel ALEXANDER. Yes, sir. 

Mr. Héserr. That is correct. So, again, you all were testing it 
then on a strip which was not adequate for the test that you con- 
templated ? 

Colonel Atexanper. That wasn’t to the knowledge of the Air 
Force, Mr. Hébert. 

Mr. Héserr. I am not saying it is to your knowledge. 

Colonel ALexanper. Yes, sir. 

Mr. Héserr. It was not to your knowledge? 

Colonel ALExanpER. No, sir. 

Mr. Héserr. I am talking what the facts were. You did not know 
that strip was not adequate to take the 30,000 coverages? 

Colonel Atexanper. Mr. Hébert, I believe Mr. Foster testified that 
he and Mr. Turnbull had a great deal to do with the design of that 
track. This could be verified in the record. 

Mr. Héserr. That is correct. 

Colonel Atexanper. To the best of my recollection, he stated that 
that track was designed to the best knowledge that they had to carry 
30,000 coverages, and they fully thought that it would carry 30,000 
coverages. 

Mr. Hérerr. We won't quibble. 

Colonel ALexanper. Yes, sir. 

Mr. Héserr. The testimony was that it was constructed under di- 
rection for 1,500 coverages, but in order to play it safe they, on their 
own accord, constructed or designed what they thought would carry 
30,000, which did not carry the 30,000. I mean the fact is it did not 
carry the 30,000. 

Colonel Atexanper. But according to Mr. Foster’s testimony, it 
was designed to carry 30,000. 

Mr. Heserr. That he thought would carry 30,000. He didn’t play 
it that safe, now, because the mix, it was testified, was obviously too 
rich, and which I think was admitted in the testimony, too? 

Colonel ALEXANDER. Yes, sir. 

Mr. Heéserr. If they had gone ahead and constructed this strip for 
30,000 at the time instead of the 1,500 coverages at the minimum, a 
different type of mix would have been used and they would have prob- 
ably att empted to cover 50,000 or 60,000 coverages as a maximum, 
using the minimum of 30.000. Here they used the minimum of 1, 500, 
with the estimated hope that it would carry 30,000. Now—go on. 

Colonel Atexanper. Mr. Chairman, the statement that the mix was 
too rich is a statement that could only be made after the test was run. 
When that mix was made and the bitumen content was determined, it 
was determined to be what was required to carry 30,000 coverages. 

Mr. Hénerr. All right. 

Colonel ALexanper. So statements which now come up and say that 
the bitumen was in excess can only be made subsequent to that test. 
They could not be nade prior to the test by anyone. 

Mr. Heéverr. That is correct. 

That will bring up a later point, that no attempt was made to put a 
flexible strip in there with a less rich mix in order to cover the test. 
I mean the testimony shows that very clearly, Colonel. 

Colonel ALEXANDER. Yes, sir. 
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Mr. Héperr. As a matter of fact, as soon as the pavement failed, 
boom, it went out. You didn’t find whether you could get a mix to 
carry the 30,000; isn’t that a fact? 

Colonel ALEXANDER. We didn’t find it out at Kelly, sir, but we did 
find it out at the flexible laboratory. 

Mr. Héserr. I don’t care where you found it out. The fact is you 
could get a mix to carry the 30,000? 

Colonel ALexanper. The testimony of the Corps of Engineers was 
to the effect, as I recall, that they have developed pilot-test sections 
which did carry the 100,000-pound load when they reduced the bitu- 
men. 

Mr. Heépserr. All right. 

Colonel ALexanpver. And that test section was started in June, the 
same June in 1956, that the Kelly test failed. 

Mr. Héperr. All right. 

You have not subsequently attempted to determine that the flexible 
can carry the 30,000 load. Now, this is a fact; isn’t it? 

Colonel ALExaNnper. No, sir. 

Mr. H&serr. No, sir? 

Colonel ALexanper. I just stated, Mr. Hébert, that in June of 1956, 
the same June that the Kelly track failed, pilot-test models, that is, 
panels, were constructed at Vicksburg, and they were rolled with the 
same loading that was imposed at Kelly, and during the same fall of 
1956 those panels had carried approximately 30,000 coverages. As I 
recall, that is in Mr. Foster’s testimony. 

Mr. Héserr. That is correct. 

But the Air Force has not conducted any experiment similar to the 
Kelly test to indicate that the flexible pavement can carry the 30,000 
coverages ? 

Colonel Atexanper. That is correct; we haven’t done it similar to 
the Kelly test. That part is correct. 

Mr. Heéserr. All right. 

Colonel ALExaNnpeER. But it has been carried on at the laboratory. 

Mr. Héverr. All right. 

Colonel ALEXANDER. Yes, sir. 

Mr. Héserr. Then is the Air Force willing to accept the premise 
that flexible pavement can carry the 30,000 coverages now ? 

Mr. Ferry. No, sir. 

Colonel ALExAnpeER. No, sir. 

Mr. Heénerr. Not until you have a test? 

Colonel ALExaNnpER. Not until the Chief of Engineers tells us so, sir. 

Mr. Ferry. And demonstrates it by a test. 

Mr. Courtney. May I ask a question, Mr. Chairman? 

Mr. Hérerr. Surely. 

Mr. Courrney. Mr. Chairman, the question suggests itself right 
there: Assuming the Chief of Engineers does tell you that. he has a 
pavement which will meet a 30,000 test, or meet the criteria that we 
are talking about now, would the Air Force accept that recommenda- 
tion and incorporate it in your criteria ? 

Mr. Ferry. That is a hypothetical question, sir. 

Mr. Courtney. Precisely. Of course it is a hypothetical question. 

Mr. Ferry. Within the testimony here, the Chief of Engineers, 
represented by General Wilson, says he can’t give us a design that 
wil] stand a flexible paving. 
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Mr. Courtney. No; but I am asking you the hypothetical question 
which suggests itself because of your testimony at this poimt and 


because of General Wilson’s testimony, that they were on the verge 
of a breakthrough. 


Mr. Ferry. As soon—— 

Mr. Courtney. Let me finish the question. 

Mr. Ferry. Right. 

Mr. Courrney. Assuming the breakthrough is completed and the 
engineers tell you they can construct in that fashion to meet those 
loads with flexible pavements, will you accept that as a criteria in the 
Air Force? 

Mr. Ferry. I will answer you with complete frankness, sir. As 
soon as the Chief of Engineers tells us he has a flexible pavement that 
will stand our criteria for heavy bombers, of 30,000 passages—— 

Mr. Courtney. Whatever it may be. 

Mr. Ferry. Whatever it may be, and demonstrates same to us by a 
test section where we can see the actual results, and it is not purely 
laboratory results, we will gladly and with the greatest of pleasure 
accept that criteria. We would like to get into it. 

Mr. Cunntnenam. Pardon me. And in doing that, Mr. Ferry, you 
will take into consideration the loss to human life? 

Mr. Ferry. Sir, I do not—I will answer you yes, if there is any 
conclusive figures bearing upon that point to show a difference of 
accident rate, fatality rate between flexible and rigid. Such has never 
been demonstré ated. 

Mr. Cunntncuam. Mr. Chairman, I don’t see how you can ask for 
a fairer statement. 

Mr. Héeerr. I will read to you what Mr. Foster did say. 

Simultaneously with the Kelly test, a section was tested at Vicksburg with 
similar mixes, but with a range of bitumen contents. Mixes placed at optimum 
bitumen content, the same as used at Kelly, also rutted, but those places with 
20 percent less asphalt than optimum successfully carried 30,000 coverages of 
simulated B47 loading. Asa result of these tests and the tests at Kelly, interim 
recommendations have been made for reducing the bitumen content by 20 per- 
cent for channelized lanes for B-47 loading pending further study of other types 
of mixes and bitumen. 

I mean that is what he actually said. 

Mr. Ferry. Note what he says, sir: 


Pending further tests of other types of bitumens and concentrations of asphalt. 

Mr. Héserr. All right. 

Mr. Ferry. He certainly has not said he has the answer. 

Mr. Hésert. All right; let me ask you this categorically and posi- 
tively. If and when ‘the engineers come up and ‘tell the Air Force 
that they have developed a flexible mix or a flexible paving strip to 
carry the 30,000 coverages—— 

Mr. Courtney. No. 

Mr. Hésert. How is that? 

Mr. Courtney. Carry the load for the B-52. 

Mr. Héserr. I mean a similar test as at Kelly. 

Mr. Courrney. Yes. 

Mr. Héeertr. Will the Air Force conduct a test similar to the one 
conducted at Kelly ? 


Mr. Ferry. Yes; and with promptness and with much pleasure 
to do it. 
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Mr. Hésert. All right. That is all. That is a fair answer. 

Mr. Mitier. That is fair enough. 

Mr. Courtney. Then, if I understand the testimony correctly, Mr. 
Ferry, your situation would be this, so far as the official position of 
the Air Force is concerned, and let us be clear about it: Assuming that 
the Corps of Engineers tell you they have reached the point of break- 
through and have achieved a design of flexible pavement which will 
meet the increased loads that we have talked about here—the 100,000 
pounds and the 240,000 pounds—then the position of the Air Force 
is that at that point it would wish a demonstration test made. 

Mr. Ferry. Yes, sir. 

Mr. Courtney. And if the demonstration test proved to the satis- 
faction of one or both 

Mr. Ferry. Of the Air Force. 

Mr. Courrney. Of the Air Force. 

Mr. Ferry. We are the owner. We are the user. 

Mr. Courtney. Yes. Then, on your final decision as to what you 
saw on the demonstration test, which I distinguish from an experi- 
mental test, you would accept the criteria that was indicated by the 
Corps of Engineers and incorporate it into the bidding processes of 
the Department of Air Force. 

Mr. Ferry. Completely, sir. That is the official Air Force position. 

Mr. Hepverr. Well, that is fine. We will follow through on that, 
Mr. Ferry, if, and when you do it. 

No.3: “Ail”—and “all” is underscored : 





test traffic was applied at Kelly under high pavement temperature conditions, 
a situation not encountered in actual airfield pavements. As any technologist 
knows, this is abnormally severe for asphalt pavement and not similarly severe 
for rigid pavement. The severe test on rigid pavement would be loadings in 
extreme cold, nighttime conditions. 

What comment does the Air Force have on that? 

Colonel ALexanper. Mr, Hébert, that was partly covered in that 
statement I read a little bit earlier, in which 1 gave the temperature 
ranges at Kelly. I will repeat just a portion of it: 

The pavement temperatures of the asphalt pavement during the application 
of the traffic coverages (May and June of 1956) ranged from 67° F. to a maximum 
of 131° F. <A substantial portion of the traffic was applied when the pavement 
temperatures were in excess of 90° F. 

Insofar as the rigid pavement suffering more damage on cold nights 
than would flexible pavement, I wouldn’t have any facts to bear out 
that statement. I think I would tend to question it, as a professional 
engineer. Because we do have both types of pavement in very cold 
climates, and one suffers no more than the other, when you talk about 
strictly from the cold. The cold would cause expansion and contrac- 
tion of the pavement portion of the pavement structure. 

Mr. Bares. Then Kelly would not have been fair. 

Mr. Hésert. No; Kelly would not have been fair; the Kelly test. 

Mr. Ferry. The Kelly test, I think, sir, was fair for airfields in 
the southern terrain of our country, where normal temperatures are 
encountered for 6 months of the year, well up into the upper 90’s and 
above-— 

Mr. Héserr. Mr. Ferry, you weren’t having the Kelly test but for 
overall coverage and uses. 
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Mr. Ferry. That is correct. 

Mr. Hépzerr. So, it wouldn’t be a fair test. 

Mr. Ferry. It was fair in respect to the fact that we were attempt- 
ing to find a criteria that could be applied for airfield uses of pave- 
ment, taxiways—we were attempting to find a criteria which could 
be universally applied for the purchase of flexible pavings to be used 
on various portions of the airfield. 

Mr. Bares. Well, that is not a fair hypothesis, Mr. Ferry, is it? 
Any more than you design a house down South and expect it to be 
used everywhere, or in the North and expect it to be used everywhere. 

Mr. Ferry. I think it was a fair test, Mr. Bates, in that the acceler- 
ated portion of the test would normally probably have carried into 
cold weather, Texas has cold weather, had it extended to the expected 
life of the test. 

Mr. Bates. Yes, but you already exposed it to unusual tempera- 
tures for which it hadn’t been designed. 

Mr. Ferry. Scarcely unusual, sir. It was designed for those tem- 
peratures, because it was known to be going at Kelly Field. But it 
wasn’t designed to that use. 

Mr. Bates. But it wasn’t applicable to the northern regions. In 
other words, the same findings would not have been determined had 
this been conducted at Dow Air Force Base. 

Mr. Ferry. I can’t agree on that, sir. I believe the same finding 
would have occurred. 

Mr. Bares. You wouldn’t have had the same element of tem- 
perature. 

Mr. Ferry. The element of temperature would have varied. 

Mr. Bates. And that is what we are discussing here. 

Mr. Ferry. But I have no reason to believe—we are in the realm of 
speculation—I have no reason to believe the results would have differed 
had it been done at Dow or Loring, in Maine. 

Mr. Bares. But, at least from the temperature point of view, from 
what Colonel Alexander has said, they would have started at the 
same level. 

Mr. Ferry. That is right. 

Mr. Bates. Whereas at Kelly they did not because of the asphalt 
being subjected to higher temperatures and the effects that it had on 
it. 

Mr. Ferry. Except it was designed for installation in that lo- 
cality. 

Mr. Bares. No; it wasa test for the entire Air Force. 

Mr. Ferry. But it was designed—the Corps of Engineers design 
was based upon the fact it would be located at Kelly Air Force Base. 

Mr. Bares. The design was faulty, and had the design been in the 
northern regions you w ouldn’t have the same problem. 

Mr. Ferry. I do not like to use the phrase “faulty,” because I 
don’t think it was faulty. I think it was deficient; let us call it that. 

Mr. Bates. We won’t get into semantics, Mr. Ferry. If it doesn’t 
work, where I come from, we say it doesn’t work. We can use any 
language we want, but it adds up to the same thing. 

Mr. Héserr. No. 4: 


Spacing of test traffic load wheels was 20 feet instead of approximately 40 
feet, as for the B-47 aircraft. This factor may have eliminated, for all prac- 
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tical purposes, rebound and recovery factors and induced interfacial stresses 
of a high order of magnitude. 

Comment on that. Jie! ae 

Colonel Atexanper. This is a joint comment: 


It is considered that the spacing of the wheel gears did not have any signifi- 
eant effect on the test results. 


Mr. Hepert. No. 5: 


So-called antistrip additive was placed in the hot-asphalt mixture. This 
procedure is contrary to the published policy of the Asphalt Institute and could 
have contributed to the distress that developed. 


Colonel ALexanper. This is a joint comment: 


The amounts of antistripping agents added to asphalt are small, usually less 
than 1 percent by weight of asphalt, and have little or no effect on the physical 
characteristics of the asphalt. The fact is that this factor is not believed to 
have any significant effect on the test results. 

Mr. Hépert. Now, were the Air Force aware—stepping now from 
Mr. Wellborn’s statement to Mr. Griflith’s statement of Monday, in 
which he testified he talked to the engineers and suggested that they 
be allowed to replace this distressed area at their own expense. He 
was told by the engineers that it was closed—it was an accompli 
fait, it was all over. 

Was the Air Force ever in possession of any information that the 
representatives of asphalt or flexible paving group were willing to 
replace the distressed area for further test, at ‘their own expense / 

Colonel ALexanperR. No, sir. 

Mr. He&eerr. It was never brought to their attention. Of course, 
it was testified by Mr. Griffith that he did not go to the Air Force. 
But I just wanted to clear the record up there. He assumed that 
it would have been negated by the Air Force, which was an assump- 
tion and not a valid observation. 

Now, summarizing what has just been testified—and I will not 
continue after this. I want to get this clear, in black and white 
and in simple, understandable language, that everybody knows what 
we are talking about. 

And I direct this to the Air Force, to Mr. Ferry. 

Mr. Ferry. Yes, sir. 

Mr. Heéserr. As an official observation or acknowledgement. If 
the representatives of flexible pavement come to you and say, “Mr. 

Air Force, we now desire a test similar to Kelly , 

Mr. Courtney. No. 

Mr. Heéserr. Wait. I mean the type—— 

Mr. Bares. They want another test. 

Mr. Héserr. Yes. In other words, 


We want another test. We are not satisfied with what happened at Kelly. 
We believe that we didn’t get a fair shake of the dice and we want another 
chance, and we are now prepared to offer you the product which we believe 
will compare favorably and be in a competitive situation with the rigid paving, 
will you now give us that test? 





Mr. Ferry. I would give them the test, with one reservation. 

Mr. H&serr. Getting into the reservations now. 

Mr. Ferry. The reservation is I do not feel the Air Force should 
be put to the expense of this test wholly when it is part of a sales 
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campaign of the asphalt industry. I believe they should bear part 
of it. And I would make such an agreement with them. 

Mr. He&eerr. | think they should bear part of it. However, the 
Air Force did bear all the expense to prove that it wasn’t good. 

Mr. Ferry. That is right, sir, and now the shoe is on the. other 
foot. 

Mr. Héperr. Because the Air Force put it on the other foot, put 
the shoe on the other foot. 

Mr. Ferry. Mr. Hébert, the facts put it on the other foot. 

Mr. Heéeert. Of course that is an opinion. Some of us may share 
it and some of us may not share it. Personally, I do not share it. 
We are now in a position that we know definitely that any time the 
asphalt people want to sell their product, you will give them the 


opportunity, with your reservation, which is a fair one—I grant you 
that. 

Mr. Ferry. I will be glad to. 

Mr. Héverr. Because we are not dealing in marbles now. We are 
dealing in _ ars. 

Mr. Ferry. Can I amplify my statement? 

Mr. Sraieer, Yes. 

Mr. Ferry. I had intended this for my closing, but this seems an 
opportune time to state: 

The Air Force is extremely anxious to find a competitive paving 
that will work as well as rigid paving, that can be purchased cheaper 
than rigid paving. 

If the Asphalt Institute or the asphalt industry, or representatives 
of the bituminous industry can produce such a paving, the Air Force is 


i—_* 


extremely anxious to adopt and use it, to stand up under the require- 
ments that we impose upon it. 


Mr. Héverr. Of course, that is a very laudatory statement, except 
that the action of the Air Force indicates to the contrary. 

Mr. Ferry. I, again, sir, respectfully take issue there. 

Mr. Héverr. That is right. It is an opinion. The record speaks 
for itself. We just heard the testimony of the general, that General 
LeMay wants all concrete, period. 

Mr. Ferry. I am now speaking in an official Air Force position. 

Mr. Héperr. I know how you are speaking, but I want to show you 
what the trend is, and what the thinking is. We wouldn’t be here 
today if objections were not received. 

Mr. Ferry. True, sir; and if it was not a controversial subject. it 
would not have occasioned so many comments. 

Mr. Hererr. All right. On behalf of the committee, I will say— 
speaking for myself on the approbation—when the Air Force gets 
ready for the test, notify the committee and let us know, so we will 
have first-hand information. That is, if they want such a test. And 
one of the Ae pee roenaee or requisites that 1 would indicate to them 
would be th: at before the first coverage is made, No. 1 coverage, that 
they say, “This is our product, this 1 is what we offer, this is what we 
expect to fall or rise on, on the test.” So there will be no aftermath 
or no repercussions of what was done and what wasn’t done. 

In this particular case, as I understand it, the asphalt industry was 
not represented and only allowed observers after the fact. 
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Mr. Ferry. For the record, neither were the rigid paving, the port- 
land cement concrete. 

Mr. Heéserr. The record shows that. So if the competent people 
want to come in and say—this is the same way as a race horse. You 
put the two race horses in a starting gate and they are supposed to be 
ready. And then no excuses afterwards. That is all I want. I just 
want a fair shake of the dice for everybody. I want it put in a com- 
petitive position, that the people can save some money in this thing. 

Mr. Ferry. And the Air Force is in complete accord with the chair- 
man’s statement. We are completely in accord. 

Mr. Héserr. You couldn't put it on a line better than that. 

Mr. Ferry. Yes, sir. 

Mr. Bares. Mr. Chairman, there was just one thought that ran 
across my mind which you touched on that concerned me the other 
day, and that was the questio n of consulting with the industry. 

Many times in the Government we give direct contracts to the indus- 
try to develop their product for spec fic purposes. In this particular 
instance it appeared that you bypassed both the cement and the asphalt 
people. 

I don’t understand the point of view of the Engineers, I presume 
it is in this case, in assuming that attitude when there are people 
available who work with this product day in and day out, and it is 
their business and they are in the industry. Why don’t we take ad- 
vantage of whatever suggestions they might have to offer ? 

Mr. Ferry. Mr. Bates, I think that question should perhaps more 
suitably be addressed to General Wilson or his representatives than 
myself. Because we were not involved in the design of this, nor the 
arrangements. 

Mr. Bares. I understand that. But if there is anybody here from 
the Engineers, I would like to have him comment. 

Mr. Hésrert. General Wilson is here. 

Mr. Foco. General Wilson is here. 

Mr. Héserr. General Wilson. 

General Wizson. I would prefer to have that question addressed to 
me when I get up on the stand, if I may, sir. 

Mr. Héserr. All right, General. 

Mr. Bares. If the gener: al is coming, we will get to him later. 

Mr. Héserr. Now, one final question and then I think we will be 
finished with you gentlemen, for the moment, anyway. 

The Engineers ‘testified, Mr. F erry, that they had asked the Air 
Force to supply them $800,000 over a 4-year period to make more 
extensive tests on flexible pavement. Are you going to do it? 

Mr. Ferry. We are not going to give them $800, 000 a year for 4 


years. Due to stringency of money, we thing it is an extravagant use 


of test money. We will give them what we believe to be an adequate 
sum. 

Mr. Héserr. In other words, you are not going to give them that? 

Mr. Ferry. I am not going to give them $800,000 a year for 4 years. 

Mr. Hésert. How much are you going to give them? 

Mr. Ferry. I would like to consult with my people and see the pro- 
gram before I gave you that answer, sir. Because the amount of 
money we will give them depends on the outlined program that we 
think will support them. Iam not in a position to answer that today. 
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Mr. Hézerr. Of course, if you would give them $200,000, that could 
be $200,000 wasted if it wasn’t adequate for the test? 

Mr. Ferry. It would reduce the scope of the test, sir. I am quite 
certain that the Engineers, if given $200,000, will use it intelligently 
and for a constructive purpose. It would not be wasted. 

Mr. Hésert. But it wouldn’t accomplish the objective. 

Mr. Ferry. It might or might not,sir. It depends on the objectives 
that we decide are worthwhile fulfilling. Because, remember, the Air 
Force has just so much money available to it and we are not going to 
put ourselves in the position of acceding to any test that the Corps 
of Engineers may propose to make for us. We will use—we will 
exercise judgment in the selection of what form and type of testing 
they are to do. 

Mr. Héserr. I would say that this is the first time I have heard 
that any department has come up here and decried the fact of a re- 
search or development might be extravagant. They usually want 
all the money they can get “for it, because they don’t know what end 
of the funnel they are coming out ‘of. 

Now, in this particular, isolated case we finally find the Depart- 
ment taking the position that they determined ahead of time that it 
is a waste of money. 

Mr. Ferry. No, sir; I did not say that. I said we would determine, 
in our judgment, whether the tests were sufficient and of sufficient 
import to our business to warrant the money. 

Mr. Héeerr. Don’t you consider the saving of dollars in competi- 
tive bidding warranted, the possibility of it? 

Mr. Ferry. I certainly do, Mr. Hébert, but I have no reason to be- 
lieve that that magic $800,000 for 4 years is necessarily that amount of 
money needed. I must exercise judgment of my own. 

Mr. Hésert. Then you will come up with your own magic figure. 

Mr. Ferry. No, sir; it will not be a magic figure. It will be the 
amount of money which we think we can afford to spend for research 
on worthwhile projects. 

Mr. Héverr. We are getting nowhere fast, Mr. Ferry. I will just 
have to let the record stand where it is. 

Mr. Ferry. That is right,sir. I am satisfied. 

Mr, CunninoHam. Mr. Chairman. 

Mr. Hésert. Yes, Mr. Cunningham. 

Mr. CunnincHAm. I want tothank Mr. Ferry. I think he has been 
very coonerative and very helpful to the committee. 

Mr. Ferry. Thank you, Mr. Cunningham. I have tried to be. I 
would like, if I may, before the Air Force portion of :t is finished, to 
make a valedictory statement, if you call it that. 

Mr. Hésert. I am sure it won’t be valedictory. 

Mr. Bates. We hope it won’t be that, Mr. Ferry. 

Mr. Heésert. It will be a statement. 

Mr. Bares. Always enjoy having you before our committee. 

Mr. Ferry. Colonel Alexander is most anxious to get one statement 
in on the Kelly test. We have some data we would like to enter into 
the record which will make it still more voluminous. 

Mr. Heéserr. Enter anything you want. 

Mr. Ferry. Thank you, sir. I would like to come back and make 
this statement, that it seems to me, sitting here and listening as a very 
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interested spectator, that we have had much information—valid, use- 
ful, sincere information—from all people concerned, but it has tended 
to become a little diffuse and spread itself into nonessentials. 

I would like to bring it back to what the Air Force considers essen- 
tial. So far, we in the Air Force have no conviction, no evidence, that 
we can use a flexible pavement to withstand the wheel loads and the 
frequency intended of heavy bombers on pavement of taxiways and 
runways. 

The whole object of the Air Force is to achieve pavements, whether 
rigid or flexible, that will withstand this load. 

We leave aside the supplementary factors of blast effect. We leave 
aside the visibility effect. We leave aside the spillage of fuel. All of 
which are of importance, but they are not the major ones. 

We in the Air Force have no assurances from our construction 
agents that they can produce a flexible pavement to meet our require- 
ments. Until they do so, sir, the Air Force does not feel warranted in 
continuing to use flexible pavements in critical areas. And I beg and 
request the chairman and the members of the committee to accede to 
this continuation of the program we have followed for the last 6 or 8 
months, until such a suitable pavement, of flexible type, can be de- 
signed and proven. 

Mr. Héserr. You have something for the record, Colonel, that you 
want to put in? 

Colonel ALEXANDER. Yes, sir. This relates to Kelly. Throughout 
the testimony presented, the Asphalt Institute has repeatedly stated 
that this test was no test at all and it was doomed to failure before it 
started. 

It is interesting to note, however, that in the March 1956 issue of 
Construction Methods it carries a statement by Mr. Wellborn com- 
menting on the then proposed Kelly test as follows: 

We are confident that the scheduled test at Kelly will be conclusive vindication 
of flexible pavement for airfield runways. Without exception, Mr. Wellborn and 
others who criticized the Kelly test are basing this criticism on hindsight. 

I have a photostat from the Construction Methods for the record 
with that statement, sir. 

Mr. Courtney. We will have a problem with the picture, you know. 

Colonel ALEXANDER. Yes, sir. 

Mr. Bares. Let me see that page. 

(The statement referred to is as follows:) 

Ket_ty AFB 
We will now consider another item about which the asphalt interests have 
made much ado. This concerns the test conducted at Kelly AFB, Tex. Exhibit 
D-2 of the exhibit material from the Asphalt Institute summarizes its analysis 
of this test. Throughout the testimony presented the Asphalt Institute has 
repeatedly stated that this test was no test at all and that it was doomed to 
failure before it started. It is interesting to note that the March 1956 issue of 
Construction Methods carries a statement by Mr. Arvin Wellborn commenting on 
the Kelly test as follows: 

“We are confident that the scheduled tests at Kelly will be conclusive vindica- 
tion of flexible pavement for airfield runways” (exhibit 1). 

Colonel Arexanper. Without exception, Mr. Wellborn and others 
who criticize the Kelly test are basing this criticism on hindsight. 

The pavement test performed at Kelly AFB was to demonstrate 
that both rigid and flexible pavement could be designed and con- 
94407—57———-27 





2284 AIRSTRIP PAVING MATERIALS 


structed in the field by normal construction and inspection procedures 
and be capable of carrying channelized traffic. The preparation of 
designs, plans, specifications, and testing was under the complete 
control of the Corps of Engineers. The details of the number of 
coverages used as a basis of design, percent. of asphalt used in the 
mix, amount of portland cement used in the concrete, and various 
types of base courses were all developed by the Corps of Engineers. 

At this point we desire to include in the record a joint USAF-OCE 
comment on Mr. Wellborn’s summary report. 

(The USAF-OCE comment follows :) 


USAF-OCE CoMMENTS ON SUMMARY REPORT ON THE STATUS OF FLEXIBLE PAV 
MENTS FOR HEAvy Mivirary AIRCRAFT, BY ARVIN S. WELLBORN, CHIEF ENGINEFR, 
THE ASPHALT INSTITUTE, ENCLOSED IN LetTreR FROM THE ASPHALT INSTITUT! 
TO THE CHIEF OF ENGINEERS, DATED FEBRUARY 11, 1957 


1. Preface, paragraph 1, sitatement.—In recent weeks, elements of the engi- 
neering press armed with insufficient information have attempted to appraise 
the status of flexible pavements for modern military airfields. These ap- 
praisals have been based on incomplete data from a single pavement test con- 
ducted during the summer of 1956 at Kelly Air Force Base in Texas. 

Comment.—None. 

2. Preface, paragraph 2—statement.—It is the considered judgment of the 
Asphalt Institute after an extensive review of all the facts that the test at 
Kelly AFB could have ended no other way than distress in the asphalt section. 
A combination of factors, readily understood by asphalt technologists, doomed 
the pavement to failure before the first test loading was placed on it. 

Comment.—The statement is not factual. The Kelly test track was designed 
and constructed according to the best and most highly developed design con 
cepts available at that time. 

3. Preface, Paragraph 3, Statement.—Further, since the suspension of testing 
at Kelly, new pavement test loading conditions have been established that are 
totally unprecedented in the history of pavement design. In fact, the new condi- 
tions have removed pavement design entirely from the realm of contemporary 
paving technology and placed it in a new and uncharted dimension. 

Comment.—None. 

4, Preface, Paragraph 4, Statement.—It must be borne in mind that flexible 
pavements today are serving fully the requirements of our heaviest bomber air- 
craft at many Air Force installations. Consequently, we must apply very 
critical judgment to the results of the Kelly test and ask: Why failure here? 

Comment.—There are a number of airfields having flexible pavements on 
which B47 and B-36 aircraft are operating. However, in a number of cases, 
these pavements are showing various degrees of distress, particularly under 
channelized traffic conditions. Data on performance of flexible pavements under 
traffic of B-52 aircraft are not sufficient to judge adequacy of present design 
criteria. The test loading used at Kelly AI’B is not as severe as the type loading 
that will be encountered at future multimission Air Force bases. 

5. Preface, Paragraph 5, Statement.—Because the accounts of the Kelly AFB 
test have lent themselves to gross misinterpretation, seriously injuring the reputa- 
tion of all flexible pavements, this engineering examination of the situation must 
be offered. 

Comment.—None. 

6. History, Paragraph 1, Statement.—Some elements in the Air Force long 
expressed dissatisfaction with flexible pavement and, in 1954, announced they 
were specifying conerete paving for those “critical” areas subject to jet after- 
burner blast and excessive fuel spillage which might have a harmful effect on 
asphalt pavements. In December of 1955, the Secretary of Defense authorized 
the Air Force to extend the term “critical” to include all “primary use areas,” 
including those areas not subject to this spillage and heat blast. In defense of 
its new policy, the Air Force claimed failures in flexible pavements wherever 
the channelized traffic of the new B-47 bombers was applied. Seven heavy 
bomber bases were cited where such failures were alleged to have occurred. 

Comment.—None. 

7. History, Paragraph 2, Statement—Granted permission to inspect these 
fields, the Asphalt Institute determined that only 3 of the 7 airfields showed 
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distress that could not be corrected with normal maintenance procedures. In 
the three cases of severe distress the cause was traced to faulty design and 
construction. In one instance elementary drainage was largely neglected. At 
another base, it was learned that distressed areas had not been compacted 
before paving. In only one case was the distress traced directly to the asphaltic 
concrete surface and in this instance the pavement did not meet the design 
requirements. In most cases proper maintenance operations were virtually non- 
existent. 

Nore.—The statement of the Asphalt Institute did not specify the bases to 
which they were referring. Therefore, representatives of the Office of the Chief 
of Engineers contacted the Asphalt Institute, March 8, 1957, and was informed 
that the 3 airfields out of the 7 airfields inspected which showed distress that 
could not be corrected by normal maintenance procedures are: ® 

Altus Air Force Base: Distress was due to improper drainage. 

Pinecastle Air Force Base: Distress was due to improper compaction of the 
courses underlying the asphaltic concrete pavement. 

Davis-Monthan Air Force Base: Distress was due to faulty design of the 
asphaltic concrete paving mixture. 

The four fields on which the deficiencies could have been corrected by normal 
maintenance procedures are Tinker, Williams, Castle, and March. 

Comment.—The Corps of Engineers and USAF findings are: 

(a) Altus Air Force Base: It is not agreed that improper drainage contrib- 
uted to pavement distress. 

(bv) Pinecastle Air Force Base: It is agreed that deformation of the asphaltic 
concrete pavement was due to densification of the underlying courses by B-47 
traffic. 

(c) Davis-Monthan Air Force Base: It is agreed that the asphalt content of 
the asphaltic concrete pavement mixture was slightly high. 

(d@) At the four fields, Tinker, Williams, Castle, and March, which the As- 
phalt Institute state could have been corrected by normal maintenance, Williams 
is the only one on which this could have been done. It will be noted, however, that 
the Air Force did not register any complaint about Williams Air Force Base. 
At Tinker, Castle, and March, deficiencies were beyond the category of normal 
maintenance. 

&. History, paragraph 3, statement.—The United States Corps of Engineers 
expressed their confidence that asphalt pavements are entirely capable of with- 
standing the channelized traffic and supported this position with data from test 
panels constructed at their Flexible Pavements Branch at Vicksburg, Miss. The 
Air Force declined to accept this as conclusive evidence and requested that a 
demonstration-type section be constructed under normal contract conditions. 
Kelly Air Force Base was selected. 

Comment.—There were no test data available at the time the Kelly test was 
contracted which would prove that the current criteria was satisfactory for 
designing pavements subjected to 30,000 coverages of a 100,000-pound dual wheel 
gear equipped with 200-pound-per-square-inch tires. The Kelly test track dis- 
closed that the current criteria were inadequate for designing pavements sub- 
jected to 30,000 coverages of the above-referenced gear. All previous test data 
were predicated on 5,000 coverages rather than the currently indicated require- 
ment of 30,000 coverages. 

9. History, paragraph 4, statement.—Existing criteria were applied to the 
test sections, except that the test loadings requirements were increased from 
1,500 to 30,000 coverages of 100,000-pound dual wheel loads under accelerated 
traffic and at pavement temperatures in excess of 90° F. (It should be noted 
that this increase in coverages was a twentyfold increase at high temperatures 
for flexible pavement. At the same time the increase in coverages for the rigid 
section was only sixfold. ) 

Comment.—The comparison between the increase in coverage from 1,500 for 
flexible pavements and for rigid pavements to 30,000 coverages is considered to 
be immaterial, although the existing criteria were based on accelerated traffic 
tests carried to only 1,500 coverages, it is considered that the criteria were ade- 
quate for 5,000 coverages in an accelerated traffic test. There was no test re- 
quirement that the traffic should be applied when pavement temperatures were 
in excess of 90° F. However, asphaltic concrete pavements should perform ade- 
quately at this temperature. The pavement temperatures of the asphalt pave- 
ment during the application of the traffic coverages—May and June 1956— 
ranged from 67° F. to a maximum of 131° F. A substantial portion of the 








2286 AIRSTRIP PAVING MATERIALS 


traffic was applied when the pavement temperatures were in excess of 90° F, 

10. History, paragraph 5, statement.—During the construction of the pave- 
ment, it became apparent to the Asphalt Institute serving as an observer that 
the paving mix required by Air Force mandate was clearly too rich to sustain 
the accelerated test traffic immediately after construction, in the mid-summer 
Texas heat. Any experienced asphalt technologist knows how an overrich as- 
phalt mix will behave. 

Comment.—No data existed prior to the Kelly test regarding the performance 
of an asphalt pavement designed in accordance with current criteria and sub- 
jected to 30,000 coverages of a 100,000-pound dual wheel gear, equipped with 
200-pound-per-square-inch tires. 

The paving mixtures were designed in accordance with OCE criteria at the 
time of cofistruction. Asphalt pavements with asphalt contents of 3.5 percent 
for binder course and 5 percent for surface course cannot be detected as being 
“rich” based on visual observations during construction. 

The single process of reducing asphalt content is one approach to producing 
a satisfactory pavement for channelized traffic of heavy military aircraft. Other 
changes in mix design are being investigated. 

The Asphalt Institute observers present during the conduct of the tests at 
Kelly AFB made no comment regarding the adequacy of the design or construc- 
tion nor is there any record of expressions to the Corps of Engineers that 
modification of the asphaltic concrete mix was required. 

11. History, paragraph 6, statement.—When the institute’s worst fears were 
realized and the pavement showed early distress, the asphalt industry proposed 
that*the faulty test section be removed and reconstructed with a more appro- 
priately proportioned mixture. The Air Force declared itself satisfied with the 
result and ordered the tests terminated—although normal procedure by experi- 
enced engineers under these circumstances would have been to modify the mix, 
making it leaner, and retest. 

Comment.—The object of the Kelly test track was to determine whether pave- 
ments constructed in the field under normal procedures and using current 
criteria could be built to withstand actual operating conditions particularly 
channelized traffic. The section of the field used for the test track was an 
operational facility and could not be used for continued testing. 

12. Analysis of the test, paragraph 1, statement.—For reasons not entirely 
clear, the test called for 30,000 coverages at accelerated rate of the 100,000- 
pound gearload at pavement temperatures not lower than 90° F., although it 
is apparent that those extreme conditions will never be encountered in actual 
airfield operations. The existing mix design criteria then in use by the Corps of 
Engineers called for 1,500 coverages of accelerated traffic under high pavement 
temperatures. Pavements designed by these criteria are today carrying heavy 
bomber traffic without distress. 

Comment.—The 30,000 coverages is based on sixfold increase in traffic pro- 
duced by channelization of B—47 aircraft. While it is recognized that the rapid 
rate of applications of traffic coverages in a short period of time and at the 
relatively high pavement temperatures experienced at Kelly AFB is admittedly 
Severe and does not duplicate the prototype conditions, in many ways the use 
of 30,000 coverages is not unrealistic. 

The pavement temperature during the application of the traffic ranged from 
67° F. to 131° F. A substantial portion was applied at temperatures in excess 
of 90° F. The severe effect of hot-weather traffic was not fully recognized prior 
to the Kelly tests. 

It is recognized that accelerated traffic tests produce traffic conditions on 
the pavement which are in general more severe than prototype conditions. 
Accelerated tests are necessary to eliminate unduly long periods of testing and 
to secure early results. 

The statement that “the extreme condition will never be encountered in actual 
airfield operations” is at variance with available data. The data indicates that 
it is not unusual for pavement temperatures to reach 140° F. in the South and 
Southwest portion of the United States. 

Some flexible pavements are carrying B—47 traffic satisfactorily and others 
are not. There are not sufficient data available to prove or disprove that flexible 
pavements designed in accordance with current criteria are satisfactory for 
traffic of B-52 aircraft. However, the asphalt pavements on the Kelly test 
track failed under channelized traffic (about 9,000 coverages) of a B-47 load. 
The statement that coverages be conducted at temperatures not lower than 90° F. 
is incorrect as no temperature limits were specified. 
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18. Analysis of test, paragraph 2, statement.—The decision to step up the 
tempo of the accelerated traffic in the hottest summer months must be recognized 
as an unrealistic requirement. This accelerated traffic coverage was scheduled 
at a rate of 500 coverages per day which is the equivalent of a full month’s 
use of the pavement under prototype traffic. To withstand this type of testing, 
it is only logical that the asphalt mixture should have been designed with a 
proportionately leaner asphalt content. This was recognized by the Corps of 
Engineers. However, they were not given the opportunity to adjust the mix 
and retest. 

Comment.—It is recognized that the rate of application of the coverages to 
the Kelly test pavements is much faster than is applied to a prototype pavement 
and the pavement temperatures during the test were more severe than prototype 
conditions. 

The statement that “it is only logical that the asphalt mixture should have 
been designed with a proportionately leaner asphalt content” is a true state- 
ment based on subsequent investigation work but represents a “back sight” on 
the part of Mr. Wellborn, as neither the Asphalt Institute nor the Corps of 
Engineers realized the mix was too rich until after the traffic had been applied. 
Lowering the asphalt content of a mixture is only one approach to satisfactory 
performance of a pavement under traffic but may produce an unsatisfactory 
pavement for prototype traffic. 

14. Analysis of test, paragraph 3, statement.—Let us summarize the curiously 
mixed factors that were jammed into the test equation : 

(a) Paragraph 3 (1), statement.—The Air Force required the asphalt pave- 
ment to be designed on the basis of criteria established with 1,500 coverages of 
accelerated test traffic at high temperatures. 

Comment.—This statement is at variance with the facts. The test pavements, 
both rigid and flexible, were designed in accordance with current criteria based 
upon the best available data for 30,000 coverages of a 100,000-pound gear (dual 
wheels) equipped with 200 pounds per square inch tires. 

(bo) Paragraph 8 (2), statement.—Test traffic applied at Kelly, however, was 
80,000 coverages, or 20 times the amount on which the pavement mix design 
criteria were based. 

Comment.—Although the mix design criteria had been based on 1,500 coverages, 
it was considered that the design criteria were adequate for 5,000 coverages. 
Past test experience indicated that when the pavement properties did not change 
after a reasonable number of coverages design criteria were established based 
on the properties of the unfailed pavements. However, at the time the current 
criteria were established, it was not known that B-47 aircraft would subject 
pavements to channelized traffic. 

Subsequent studies indicate that it is reasonable to expect that a pavement 
may be subjected to 30,000 coverages of B—47 aircraft in the center of taxiway 
and on edges of aprons. 

(c) Paragraph 3 (8), statement.—All test traffic was applied at Kelly under 
high pavement temperature conditions, a situation not encountered in actual 
airficld pavements. As any technologist knows, this is abnormally sévere for 
asphalt pavement and not similarly severe for rigid pavement. 

Comment.—The statement that “all traffic was applied under high pavement 
temperature conditions, a situation not encountered in actual airfield pavements” 
is only partially true as the coverages on the Kelly test track were applied 
when the pavement temperatures ranged from 67° to 131° F. 

A great number of coverages in a prototype pavement would be applied at 
temperature much below 90° F. However, pavement temperatures exceed- 
ing 140° F. are encountered frequently in the southern portions of the United 
States. Pavement temperatures up to 160° F. have been observed at Yuma, 
Ariz. 

(d) Paragraph $3 (4) statement.—Spacing of test traffic load wheels was 20 
feet instead of approximately 40 feet, as for the B-47 aircraft. This factor 
may have eliminated for all practical purposes rebound and recovery factors 
and induced interfacial stresses of a high order of magnitude. 

Comment.—It is considered that the spacing of the wheel gears did not have 
any significant effect on the test results. 

(e) Paragraph 3 (5), statement.—So-called antistrip additive was placed in 
the hot asphalt mixture. This procedure is contrary to the published policy 
of the Asphalt Institute and could contribute to the distress that developed. 

Comment.—The amounts of antistripping agents added to asphalt are small, 
usually less than 1 percent by weight of asphalt and have little or no effect on 
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the physical characteristics of the asphalt. 
any significant effect on the test results. 

15. Analysis of the test, paragraph 4, statement.—In effect, the Kelly test 
was no test at all. This was recognized by an official of the Corps of Engi- 
neers who, at a conference of the interested parties, later declared the asphaltic 
concrete surface placed on the demonstration test section at Kelly Air Force 
Base was, in his opinion, still the best flexible airfield pavement for prototype 
traffic and a pavement just a little bit leaner would have carried 30,000 coverages 
of accelerated traffic without failure. 

Comment.—The asphalt section of the Kelly test tract failed at about 9,000 
coverages of channelized traffic using a 100,000 pound gear (dual wheels) 
equipped with 200 pounds per square inch tires. 

The Corps of Engineers considers that the current criteria, which were used 
in the design of the Kelly pavement, are inadequate for channelized traffic. 
Subsequent tests conducted by Corps of Engineers where mixtures similar in 
character to the mixtures used on the Kelly test track but with leaner bitumen 
contents successfully carried 30,000 accelerated coverages of a 100,000 gear load 
(dual wheels). 

The temperature of pavements during the traffic testing at Vicksburg, Miss., 
was equal to or perhaps higher than the temperature of the pavements during 
the Kelly test. 

16, Analysis of Test, Paragraph 5, Statement.—In all probability the pave- 
ment built at Kelly, under any but the special and peculiar circumstances of 
the test, would have demonstrated a capacity to serve the requirements of our 
heaviest bombers without distress during the normal life expectancy of the 
pavement. 

Comment.—This statement has no basis, in fact, inasmuch as the loadings 
imposed were intended to reflect operation conditions of multimission bases. 

17. Analysis of Test, Paragraph 6—One thing the aborted Kelly test did 
demonstrate: Base and subbase for flexible pavement can be built by normal 
contract procedures that will withstand accelerated traffic of these heavy wheel 
loads and perform to the complete satisfaction of the most exacting engineer. 
In the confused accounts of the Kelly episode, this is a fact that has been 
obscured. 

Comment.—It was demonstrated that base course and subbase could be con- 
structed for 9,000 coverages with no evidence of distress. This was the coverage 
level at the time the traffic was stopped. 

18. New Test Conditions, Paragraph 1, Statement.—Since the Kelly test, the 
Asphalt Institute has learned that new test loading conditions have been estab- 
lished which are not only totally without precedent but far exceed the limits of 
present engineering knowledge. The Corps of Engineers have embarked upon 
a program of testing pavements under 30,000 coverages of test loads of 325,000 


pounds or twin tandem gear (81,250 pounds per tire) at tire pressures of 
325 pounds per square inch, and at pavement temperatures not lower than 
90° F. 

Comment.—While the wheel loads are unprecedented the Chief of Engineers 
has been informed by the United States Air Force that aircraft with gear loads 
of 325,000 pounds equipped with 300 pounds per square inch tires are possi- 
bilities in the future. 

In view of the above, it is necessary for the Chief of Engineers to provide 
criteria for designing pavements adequate for the traffic of future aircraft. 

19. New Test Conditions, Paragraph 2, Statement.—The wheel assembly test 
loads are approximately three times those of the B-47 bomber. They are far 
in excess of landing gear loads of any civil air transport, propeller or jet, 
existing or contemplated. 

Comment .—None. 

20. New Test Conditions, Paragraph 3.—Designing any type of pavement to 
meet these loads is an extrapolation into the unknown which can be established 
onlv through research. Knowledge must be gained through continued testing. 
Yet, testing by the Corps of Engineers has been suspended because no further 
funds have been allocated by the Air Force. 

Comment.—The flexible pavement testing program supported by the United 
States Air Force is continuing at about the same rate as in the past 5 years. 
The Kelly test has caused the United States Air Force to curtail heavy-load 
testing of flexible pavements. However, funds have been made available for 
a limited laboratory and field program during the remainder of fiscal year 1957. 


This factor is not believed to have 
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21. New test conditions, paragraph 4, statement.—The Asphalt Institute be- 
lieves this is a problem of vital concern to the national defense and the national 
economy. It feels that adequate research funds should be allocated from the de- 
fense budget if we earnestly hope to preserve properly engineered construction 
for our Military Establishment. With $43 billion of a proposed $72 billion na- 
tional budget earmarked for the Department of Defense, the lion’s share of 
which will be expended for air defense, it seems reasonable to expect a modest 
appropriation for continued airfield pavement research. 

Comment.—None. 

oo 


22. New test conditions, paragraphs 5 to 7 inclusive, statement—tThe insti- 
tute will, of course, continue its own research in this direction. Meanwhile, 
however, if there is any construction method which has proved it can meet these 
new test conditions, the institute wishes to propose this interim solution: 

The pavement distress under these increased test loads occurs exclusively in a 
narrow track along the center line of the runways and taxiways. Consequently, 
as an interim solution, it is suggested that the Corps of Engineers and the Air 
Foree confine to the ends and center strips of its runways and taxiways what- 
ever special construction may be required to handle this unprecedented channel- 
ized traffic. It is further suggested that the remainder of the runways and taxi- 
Ways continue to be constructed of asphalt pavements because of their proven 
adequacy and economy. 

This, we repeat, is offered as an interim construction policy in a period of 
accelerated transition, both in aircraft and pavement design. 

Conment.—The United States Air Force has authorized the Corps of Engi- 
neers to design and construct along these lines at one Air Force base to deter- 
mine whether this type construction and performance will be satisfactory. 

23. New test conditions, paragraph 8, statement.—It is pertinent to point out 
that 7 of our 10 busiest civilian airports are served by asphalt pavements. Nor 
does Commissioner James T. Pyle of the Civil Aeronautics anticipate any need 
to make drastic changes in pavement design to accommodate tomorrow’s jet 
transports. He has expressed the conviction that today’s runway pavements, 
with some extensions where indicated, will be adequate for the transports now 
in design stage. 

Comment.—None. 


24. The false analogy, paragraphs 1 to 5, statement.—The Asphalt Institute 
is seriously disturbed by the misleading interpretation being assigned to the 
abortive and unrealistic pavement test at Kelly Air Force Base. The erroneous 
conclusions are being applied, frequently in all innocence, to highway 
construction. 

Even if it were a valid test, which it was not, the Kelly Air Force Base test 
could not yield data that would apply to highway paving needs. The extreme 
range of tire loads rules out even the remotest relationship. The maximum legal 
tire load permitted on our highways lies within the 5,000-pound to 6,000-pound 
range. The Kelly test used a 50,000-pound tire load. 

Further, highway truck tire pressures average 70 pounds per square inch; air- 
craft tire pressures used in the Kelly test were 200 pounds per square inch. 

In the last 10 years the technology of asphalt paving has made tremendous 
strides. Whether a flexible pavement can be designed and built to meet the al- 
most incredible test loadings recently introduced at Vicksburg (325,000 pounds at 
325 pounds per square inch, and so forth) it is a question that only time and 
patient research can answer. Whether any construction can pass the test is an 
interesting matter for conjecture. 

Comment.—Any misleading information released to the public came from 
sources without the sanction of either the United States Air Force or the Corps 
of Engineers. 7 

Colonel Atexanper. There has been an abundance of testimony to 
the effect that the Air Force was arbitrary in shutting down the test 
and now allowing it to be reconstructed and retested. The fact is the 
test was not shut down at all but was completed by the Corps of 
Engineers as requested. When the flexible pavement failed the Corps 
of Engineers stopped the test on the flexible pavement section but con- 
tinued on the rigid pavement until the prescribed number of coverages 
had been applied. This was the first time that rigid pavement demon- 
strated that it would carry this traffic without distress. In simple 
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terms, the test tells that the rigid pavement carried the specified loads 
and the flexible pavement carried less than one-third of the loads. 

I, personally, was contacted by Corps of Engineers personnel with 
respect to reconstructing and retesting the flexible pavement part of 
the track. On June 14, 1956 (18,423 coverages had been completed 
on the rigid pavement by this date) in San Antonio, Tex., a repre- 
sentative of the Asphalt Institute and Mr. Horace Kerr, Zachry Con- 
struction Co., contacted me with regard to reconstructing and retest- 
ing the flexible pavement portion of the test track. At no time did 
anyone indicate to the Air Force a willingness to finance the recon- 
struction of the track at no cost to the Government. It should be noted 
that the testing of the flexible section was suspended by the Corps of 
Engineers on June 4, 1956. In view of the requirement to complete 
testing the rigid pavement section at the earliest possible date and to 
remove all testing operations from the area to allow the new runway to 
be placed in operation, it was necessary to proceed with further testing 
and design development for flexible pavement at the laboratory as 
originally scheduled. Kelly Air Force Base is an AMC Depot and 
one of its prime responsibilities is the support of the B-52’s. AMC 
was contacted on the possibility of extension of the test but they 
objected to delaying occupancy of the field. 

Testing was continued at the flexible pavement laboratory, using 
the same loading used at Kelly Air Force Base on June 29, 1956, 
with small test panels. It is understood that these pilot-test sections 
at the laboratory subsequently carried the same loads imposed at 
Kelly. 

We would like to submit for the record the construction and repair 
cost for Kelly track, as furnished to us by the Corps of Engineers, as 


follows: 


Pavement cost only 
Per square yard 


re I FTE TIE s oie bees hiew edema eeh $9. 90 
Se EES (FRI OR ina it eae ae 11. 70 
Repair cost for flexible section, approximately $900. 


Additionally, we would like included in the record a detailed state- 
ment commenting on the Asphalt Institute’s exhibit D-2. These 
comments were prepared jointly by the Office of the Chief of Engi- 
neers, and Headquarters, United States Air Force. It presents the 
actual facts surrounding the Kelly test. 

Mr. Hérerr. Colonel, you want to put anything else in the record ? 

Colonel ALexanper. No, sir. 

Mr. Ferry. You want to get some dope in here. 

Colonel Arexanper. Yes. I have a historical summary of the 
actions of the Air Force subsequent to the 1954 hearings. These are 
intended to accurately portray the actions of the Air Force during this 
period. They are also partly in rebuttal to the allegations made in 
the exhibit which the Asphalt Institute handed in, which we feel 
does not cover all of the actions of the Air Force during this period. 

Mr. Covurrney. Is this a chronological listing of Air Force actions 
in the period following the subcommittee agreement in August 
of 1954? 

Colonel ALexANDER. Yes, sir. 

Mr. Ferry. And related actions. 

Mr. Covurrney. And related actions. 
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Mr. Ferry. Yes, sir. 

Mr. Courrney. Mr. Chairman, may that be made a part of the 
colonel’s testimony ? 

Mr. Hapserr. Yes. 

Colonel Arexanprr. I have exhibits to go with that. 

(The data are as follows:) 


HISTORICAL OUTLINE 


1. In order to clarify and put in one place in the record a complete historical 
outline of Air Force actions subsequent to the 1954 hearings, the following is 
respectfully submitted. 

(a) In accordance with the conclusions contained in the 1954 report of your 
committee, the 5 percent premium was deleted by the Air Force in August 1954 
and all pavement construction proceeded in accordance with critical and non- 
critical area criteria; i. e., the noncritical areas being constructed of either 
concrete or flexible pavement based on lowest first cost. 

(b) In October 1954, with the approval of the Secretary of Defense, a policy 
was established which provides for all airfields to be constructed to heavy- 
load design except as follows: 

(1) Where terrain or previous base development would preclude the eco- 
1lomiec expansion of one or more essential runways for utilization for medium 
bomber, and heavy bomber, heavy cargo, or similar type aircraft. 

(2) At airfields not owned in fee by the USAF where terms of lease or base 
rights are inconsistent with the extended Air Force tour, or where agreements 
restrict operations to other thau heavy aircraft. 

(3) At permanently established basic-training stations. 

(4) At flying fields auxiliary to main bases nnd gunnery bases. 

(5) At fighter alert taxiways and other smal! or limited-use facilities provided 
solely for tighter-type aircraft. 

This policy established the multimission concept (exhibit 1, IECM 54-29 
(100.1.1), airfieid pavement design). 

(c) In early 1954 a report was received of serious distress in a flexible-pave- 
ment taxiway. Studies were undertaken and a new phenomenon was observed 
on airfields, which was named or called channelized traffic. The first field 
to give an indication of this problem was March Air Force Base. Studies 
were undertaken by the Corps of Engineers for the Air Force and, as a re- 
sult of these studies, design criteria were changed by the Corps of Engineers 
to provide for an increase in thickness of the center 25 to 30 feet of taxiways 
in both flexible and rigid pavements. 

As there was some doubt and as yet no proof as to the capability of flexible 
pavement to withstand this intensified utilization, a request was made to the 
Secretary of Defense on May 2, 1955, for the use of portland cement concrete 
on primary taxiways on an interim basis pending development of a flexible 
pavement that would adequately withstand channelized traffic (exhibit 2, 
memo to OSD dated May 2, 1955). The Secretary of Defense approved the 
use of portland cement concrete on primary taxiways on June 28, 1955, as 
an interim measure, and suggested an accelerated investigational program to 
prove the adequacy of the designs of both rigid and flexible pavement for chan- 
nelized traffic (exhibit 3, memo from OSD to Secretary of the Air Force, dated 
June 28, 1955). Revised Air Force criteria for rigid pavement on primary 
taxiways were published July 22, 1955 (exhibit 4, IECM 55-54 (135.1.1), pri- 
mary taxiways). In cooperation with the Corps of Engineers in early July 
1955, a testing program was established to develop designs for flexible and 
rigid pavement for channelized traffic areas. This program, including accel- 
erated traffic tests, was authorized by Headquarters, USAF, on July 27, 1955, 
and the Corps of Engineers was requested to perform them (exhibit 5, memo 
to OCH, July 2, 1955). These traffic tests included work at the rigid pavement 
laboratory, the flexible pavement laboratory and a field demonstration at Kelly 
Air Force Base. 

(ad) In the meantime, and subsequently, reports were being received on dis- 
tress in flexible pavements not only in channelized areas, but in other parts of 
the airfields. In view of these circtimstances, the Secretary of Defense was 
requested to authorize the discontinuance of flexible pavements on Air Force 
bases on October 28, 1955. This request was based on distress at the following 
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bases: March, Pinecastle, Castle, Hunter, Davis-Monthan, Altus,, Ben Guerier, 
Yuma, Luke, Homestead (exhibit 6, memo to OSD, October 28, 1955). The Secre- 
tary of Defense on December 20, 1955, approved the request to use portland 
cement concrete on all primary-use pavements (exhibit 7, memo from OSD 
dated December 20, 1955). Primary-use pavements are defined as follows: 
(1) All paved areas on which aircraft are regularly parked, serviced, 
maintained, or preflight checked ; 
(2) All runways having adequate length, width, and approaches to 
permit sustained use by combat or combat support aircraft; and 
(3) Taxiways connecting paved areas defined in (1) and (2) above. 

On the same date, December 20, 1955, a letter from OSD was forwarded to 
the chairman of the Subcommittee on Defense Activities informing him of 
the approval of the use of rigid pavement for primary taxiways and runways 
(exhibit 8). Design criteria were published January 18, 1956 (exhibit 9, 
IECM 565-8 (100.1.1), selection of types, design, and alternate bid schedules). 

(e) Due to the apprehension of the possible increase in distress of flexible 
pavements, a letter dated January 20, 1956, was sent to all major air commands 
announcing the new pavement criteria and calling upon the commanders to 
maintain the highest degree of maintenance possible to insure the maximum 
life of asphaltic concrete pavements now in place (exhibit 10). 

(f) With the advent of the B—52 and indications that weights of this aircraft 
would increase over the initial model and would impose loads greater than the 
100,000 pounds on dual wheels, the heavy load design was changed to 240,000 
pounds on twin-twin gear on May 25, 1956 (exhibit 11), TECM 56-3 

We would like to note here that the above-outlined developments which have 
resulted in present pavement policy were not, as have been charged by the 
Asphalt Institute, for the purpose of circumventing the 1954 recommendations 
of this subcommittee, but have in fact been caused by developments which have 
taken place since that time. 

Exurerr 1 


DEPARTMENT OF THE Arr Force, 
HEADQUARTERS, UNITED States Arr Force, 
Washington, D. C., October 12, 1954. 
AFCIE-EE/C 
Air installations criteria memorandum 54-29 (100.1.1)? 
Subject: Airfield pavement design. 

Purpose: This AICM establishes and outlines criteria for the selection of de- 
sign loads for airfield pavement, exclusive of shoulders, at Air Force installa- 
tions. Design for shoulder pavements will be the subject of a separate AICM. 

Scope: Two types of aircraft gear loading are defined and the general princi- 
ples for determining the design load to be used are explained. 

Definitions: Heavy load design: A load of 100,000 pounds supported on a 
single landing gear having dual wheels, spaced 37% inches center to center, each 
vessel having a contact area of 267 square inches. 

Light load design: A load of 25,000 pounds supported by a single landing gear 
having a single wheel and a tire pressure of 200 pounds per square inch. 

Heavy load: This design will be used for all airfield pavements at all Air 
Force installations, except under the following conditions: 

(a) Where terrain or previous base development would preclude the economie 
expansion of one or more essential runways for utilization by medium bomber, 
heavy bomber, heavy cargo, or similar type aircraft. 

(b) At airfields not owned in fee by the USAF where terms of lease or base 
rights are inconsistent with extended Air Force tenure, or where agreements 
restrict operations to other than heavy aircraft. 

(c) At permanently established basic training stations. 

(d) At flying fields auxiliary to main bases and gunnery ranges. 

(e) Where extensions, additions, or widenings are to be made to existing 
understrength pavement and no provision has been made for strengthening 
abutting pavement. A further exception is here made in case of apron additions: 
Mass apron additions of 50,000 square yards or more will be designed for heavy 
load criteria regardless of strength of abutting pavement ; however, this rule will 
not apply in the case of apron access taxiways or other narrow peripheral addi- 
tions to existing parking facilities. 





21This memorandum rescinds letter, this headquarters, to Office, Chief of Engineers, 
dated January 3, 1951, subject, criteria for airfield pavement construction at Air Force 
installations. 
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(f) Fighter alert taxiways and other small or limited use facilities provided 
solely for fighter type aircraft. 

(g) Access aprons to maintenance hangars, types A and B wash racks, and 
jet engine check pads for medium bomber or heavy bomber aircraft. The design 
load for these facilities will be reduced to 80,000 pounds. 

Application of the heavy load design criteria pertains only to pavement strength 
and will not be construed as requiring additional lengths, widths, or additional 
paved facilities not required by the assigned mission. 

Light load: This design will be used for all airfield pavement to be con- 
structed at all other Air Force installations where it will satisfy the mission 
requirements. Where additions or extensions are made to existing pavements 
which do not meet light load criteria, but are otherwise adequate for the assigned 
mission, the new pavement will be designed to match the strength of the existing 
pavement. Where existing pavements are substandard or otherwise inadequate 
for the assigned mission they will be strengthened to light load criteria con- 
currently with the construction of the addition or extension. For type C wash 
racks the load will be reduced to 20,000 pounds. 

Design method: Pavement design will be based on procedures set forth in part 
XII, chapters 2 and 3, of the Corps of Engineers Engineering Manual or the 
Bureau of Yards and Docks (Navy) Airfield Pavement Technical Publication 
NAVDOCK TP-Pw—. 

Applicability: These criteria are applicable to the fiscal year 1956 and future 
construction programs. 





ExHursit 2 
May 2, 1955. 
Memorandum for Assistant Secretary of Defense (Properties and Installations) 
Subject: Change in designation of critical areas for airfield pavements. 


1. Recent observations and reports of pavement distress on primary taxiways 
at Air Force installations and investigations of the behavior of airfielu pave- 
ment under concentrated channelized aircraft traffic support a requirement for 
revising pavement design criteria. It is therefore proposed that primary taxi- 
ways at multipurpose use Air Force installations be constructed of rigid pave- 
ment. 

2. The current difficulty with pavements under concentrate? channelized 
traffic is not confined to either rigid or flexible pavement; failures due to the 
repeated passage of heavy weights over the same spot have occurred in both 
types. For flexible type pavement, no acceptable solution has been achieved, 
and further studies over an extended period are necessary before a flexible 
pavement design specification can be developed. Skepticism has been expressed 
that flexible pavements can ever achieve the density necessary to support these 
concentrated weights during thousands of coverages. In the case of rigid pave- 
meut a solution is readily achieved by slightly increasing the pavement thick- 
ness. These failures and the studies underway to correct them are different 
from those previously undertaken by the National Research Council on heat, 
blast, and fuel spillage. The change proposed above is considered an interim 
measure pending final solution of the problem. 

3. The proposed change will be applicable to the fiscal year 1956 and future 
military construction programs. It is estimated that the change will increase 
the cost for taxiway pavement items in the fiscal year 1956, military con- 
struction program $2 million. 

4. Approval is requested pursuant to your memorandum of February 2, 1954, 
subject: “Changes in Criteria and Construction Standards.” 


JOHN M, Ferry, 
Special Assistant for Installations. 
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Exursit 3 


ASSISTANT SECRETARY OF DEFENSE, 
Washington, D. C., June 28, 1955. 

Properties and installations 

Memorandum for the Secretary of the Air Force 

Subject: Change in designation of critical areas for airfield pavements. 


The proposal made by Mr. Ferry in his memorandum of May 2, 1955, that 
primary taxiways at multipurpose-use air installations be constructed solely 
of rigid-type pavement is concurred in on an interim basis for the fiscal year 
1956 program pending completion of texts on flexible pavements. 

It is assumed that an adequate accelerated test program will be authorized 
without delay in order that necessary design data may be established for the 
use of flexible pavements under concentrated channelized aircraft traffic. 


FRANKLIN G. FLOETE. 
Copy furnished to Secretary of the Navy. 





EXHIBIT 4 


DEPARTMENT OF THE AIR FORCE, 
HEADQUARTERS, UNITED STATES AIR FORCE, 
Washington, D. C. 
AFCIE-EE/C 
Air Installation Criteria Memorandum 55-54 (135.4.1) 
Subject: Pavements and grounds, airfield pavements, primary taxiways. 

Purpose: The purpose of this air installations criteria memorandum is to fur- 
nish guidance in consideration of the thickened-center-section design of primary 
taxiways to overlay or strengthening projects at multimission installations. 

Discussion: By letter, this headquarters, subject: Design of Heavy Load Air- 
field Pavement at Air Force Installations, April 27, 1955, the design and con- 
struction agents were requested to strengthen the center 25-foot section of pri- 
mary taxiways at multimission Air Force installations by adding 20 percent to 
the standard design thickness. Implementing design and construction criteria 
have subsequently been released by the Office of the Chief of Engineers. On 
June 27, 1955, the Office of the Secretary of Defense authorized the Air Force to 
construct these taxiways solely of rigid pavement, pending development of a 
suitable flexible pavement design. In adapting the thickened-center-section 
principle for rigid pavements to overlay or strengthening projects, local conditions 
may be such that strict compliance with the above criteria may be impractical 
or uneconomical by reason of gradients of existing adjacent or abutting shoulders 
and pavements, existing drainage, utility, and other under pavement systems, et 
cetera. In some cases a combination of rigid and flexible pavement may be the 
most practical and economical solution. 

Procedure: In cases of taxiway strengthening, where a combination of rigid 
and flexible pavement is indicated to be the only practical solution but results 
in a major deviation from criteria, comparative estimates, and justifications will 
be submitted by the responsible Air Force Installations representatives to this 
headquarters for final decision. 

Implementation: These criteria are applicable to the fiscal year 1956 military 
construction program only. Implementation is mandatory, subject to the fol- 
lowing: 

(a) Time permitting, by addendum to the bidding documents prior to and 
without delaying the receipt of bids. 

(b) When time does not permit, by change order. 

(c) When a delay in contract award and completion, affecting the scheduled 
utilization of a facility, will result from the incorporation of a mandatory change, 
due, for example, to the need to reprogram additional funds, Air Force Installa- 
tions representatives will advise this headquarters as to the effect of the imple- 
mentation and will request decision as to further action. 
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EXxHuHIsitT 5 
JULY 28, 1955. 
AFCIE-ES 


“4h 


Memorandum for Chief of Engineers, Department of the Army 
Subject: Accelerated traffic test for the development of pavement design criteria 
for channelized traffic 

1. At the request of the Air Force, a meeting was held on July 21, 1955, at- 
tended by representatives of OCE, BuDocks, and traffic tests for development of 
pavement design criteria for channelized traffic. 

2. The proposals submitted by the ORDL and Vicksburg Laboratories have 
been reviewed and it is deemed desirable to perform both the tests for develop- 
ment of pavement design and for proof-testing the present modified design for 
channelized traffic. 

3. Fiscal year 1956 military construction program funds in the amount of 
$516,000 will be allotted to you as soon as they become available. This amount 
includes $234,000 for flexible pavement design study, $232,000 for rigid pavement 
design study, and $150,000 for proof testing the present modified design at a loca- 
tion to be jointly agreed upon by your office and this headquarters. The hun- 
dred thousand dollars has been subtracted from the total of $616,000 as repre- 
senting a portion of the presently projected investigational program for fiscal 
year 1956 that the laboratories would not have the capability of executing simul- 
taneously with the design studies and proof testing. The projected investiga- 
tional program should be further examined for elimination of any projects 
duplicated or made unnecessary by the above studies. 

4. It is requested that the studies and tests be expedited to the maximum 
extent in order the criteria developed may be integrated in the military con- 
struction program as soon as possible. 

For the Chief of Staff: 

WILLIAM FE. LEONHARD, 
Colonel, United States Air Force, Acting Director of Construction, 


Assistant Chief of Staff, Installations. 


ExuHIsIT 6 
OCTOBER 28, 1955. 


MEMORANDUM FOR ASSISTANT SECRETARY OF DEFENSE (PROPERTIES AND INSTALLA- 
TIONS) 


Subject: Selection of airfield pavement types for Air Force construction 


1. Continuing failures and unsatisfactory performance of bituminous airfield 
pavements designed and constructed for modern jet aircraft make it imperative 
to request your assistance in terminating this type of construction. 

2. Concurrently with our request of May 2, 1955, for the specific use of port- 
land cement concrete for primary taxiways, which was approved by your office 
June 28, 1955, performance of bituminous runways were being closely observed. 
These observations revealed that major deficiencies developed within a relatively 
short period following operational use. They included rutting, subsidence, 
bleeding, surface movement under traffic, temperature cracking and slipperiness 
when wet. Greater importance however is attached to the effect on aircraft 
operations such as damage to instruments, structural damage, both of which 
have caused aborted missions; aircraft control during takeoff or landing; ex- 
cessive aircraft maintenance; and loss of combat effectiveness. Examples of 
the deficiencies are cited in the attached enclosures, 1 through 10. The costs 
shown reflect correction of surface deficiencies only. Costs for correcting the 
basic structural deficiencies require a thorough engineering field investigation. 
Our design and construction agent has been requested to proceed with such 
an investigation and to provide estimated costs to bring the pavements up to 
an acceptable operational minimum. The preponderance of evidence clearly 
indicates that the theoretical designs for bituminous pavements developed by 


our design and construction agents have not or cannot be achieved in actual 
practice. 

3. Continuing large expenditures for construction of runways and taxiways 
which fail to provide satisfactory minimum operational requirements and which 


require excessive maintenance from the time of initial use prompts this request 
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to discontinue use of bituminous-type construction, except for appurtenant con- 
struction such as shoulders, runway overruns, and erosion-control areas. 

4. Early approval is requested in order that appropriate revisions may be 
incorporated in the fiscal year 1957 MCP project planning reports scheduled 
for completion November 15, 1955. 

Subject: Selection of Airfield Pavement Types for Air Force Construction. 

FEORGE S. ROBINSON. 

Ten enclosures : 

1. March Air Force Base. 
2. Pinecastle Air Force Base. 
3. Castle Air Force Base. 

Hunter Air Force Base. 

5. Davis-Monthan Air Force Base. 
6. Altus Air Force Base. 

7. Ben Guerir Air Force Base. 

8. Yuma County Airport. 

9. Luke Air Force Base. 

10. Homestead Air Force Base. 


MARCH AIR FORCE [ ASE, CALIF. 


1. There are 2 runways at March Air Force Base with only 1 runway suitable 
for MB or heavy-cargo aircraft. This runway (northwest-southeast) is 200 
feet wide by 10,000 feet long, and constructed of asphaltic concrete throughout. 
It was placed in operation in May 1952. The basic trouble is in the longitudinal 
and transverse gradients having a series of rolls or waves. The waves vary 
from 100 feet to 200 feet, crest to crest; occur in a series of 4 to 6 crests and 
deviate from a straight-line grade as much as 0.4 foot. 

The cordition occurs through the entire rnnway with exception of a few areas 
up to 1,000 feet long. The condition is due partially to differential settlement; 
however, a study of detail data (elevations taken to 0.01 on 10-foot centers) shows 
that the wave condition may have been built into the pavement. 

2. The wave condition causes B47 aircraft to “porpoise” or gallop during the 
latter part of a takeoff run, or the first part of a landing run. Control of the 
aircraft is aggravated, calibration of instruments is seriously affected, and wing 
deflection is severe. The effect on instrumentation has been severe enough to 
cause aborted missions. 

3. Maintenance of the runway to date consisted of planing off the high spots, 
and filling the low spots on the southeast 5,200 feet of the runway. This oper- 
ation was completed June 27, 1955, at a cost of $72,000. The runway was closed 
for a period of 26 days causing the transfer of MB wing and supporting elements 
to another base. 

4. In a 12-month period, ending September 1, 1955, there were a total of 38,586 
landings and takeoffs of MB aircraft. In August 1955, there were 5,291 landings 
and takeoffs of MB aircraft. 


PINECASTLE AIR FORCE BASE, ORLANDO, FLA. 


1. The flexible portion of the easterly north-south runway (10,200 by 200 
feet) has numerous surface variations. Work was completed in October 1953, 
at which time MB operations started. Traffic for the past 4 months was as 
follows: MB, 2,425; HB, 131; HC, 246; all others, 1,100. 

2. Transverse settlement exists at station 86 plus 23 (location of underground 
drain lines) and general rutting exists, transversely and longitudinally. Rut- 
ting along the centerline is approximately 60 inches wide and tapers from 0 to 1 
inch deep at midpoint. Defects are attributed to a combination of design and 
eonstruction deficiencies, aggravated by the characteristics of the B-47 type 
landing gear. 

3. Porpoising of MB aircraft is induced when landing from the south end of 
the runway. Birdbaths due to the depressions along the centerline of runway 
have an adverse effect on braking action of MB aircraft and tend to slow the 
aircraft duwn considerably on takeoffs. Aircraft commanders report that the 
unevenness of the surface causes the aircraft to skip and bounce thereby affect- 
ing braking action. 

4. Taking into account the present flying load, consisting of a two MB-wing 
operation, extensive repairs will be required on or before June 1956. During the 
repair of the easterly north-south runway the base will be forced to conduct 
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limited flying operations on the parallel north-south runway. The parallel run- 
way is of insufficient strength to accommodate fully loaded B—47 aircraft. 

5. Maintenance cost to date of the easterly north-south runway has been 
nominal. However, present indications are that the major rehabilitation will 
be required in the immediate future at an approximate cost of $250,000. The 
existing condition of the runway is depicted by the attached photograph. 


CASTLE ATR FORCE BASE, CALIF. 


1. There is one runway, northwest-southeast, with normal flying operations 
from southeast to northwest. All distances given below are from the southeast 
end of the runway. The runway is 300 feet by 11,800 feet, with 1,200 feet of 
portland cement concrete, 8,300 feet of asphaltic concrete (strengthened in 1954), 


800 feet of asphaltic concrete (new runway extension 1955), and 1,000 feet of 
portland cement concrete (1955). 
2. Approximately 5,600 feet from the southeast end of the runway and extend- 


ing northwest for approximately 1,200 feet there are a series of depressions in 
the runway pavement. The depressions are from 0.2 feet to 0.3 feet below 
normal grade line, are from 50 to 150 feet long and from 100 to 300 feet apart. 
(See attached profiles. ) 

This section of the runway was strengthened by adding an asphaltic concrete 
overlay on an existing asphaltic concrete pavement. The strengthening project 
was completed in the latter part of 1954, and flight operations involving MB and 
heavy cargo aircraft began immediately upon completion of the strengthening 
project. Currently, HB, MB, and heavy cargo aircraft use the runway. The 
problem is essentially one of operating HB and heavy cargo aircraft at high 
speeds (up to 136 knots) on a rough surfaced runway. 

3. The depressions in the runway surface have the following effects: 

(a) The depressions occur near the midpoint on the runway where landing, 
takeoff, or touch-and-go operations require relatively high speeds, in the case 
of HB’s approximately 130 knots. The HB aircraft are thrown into the air 
and a series of two or three severe jolts occur. 

(6) The jolts are severe enough to throw personnel, who may be riding as 
observers, and throw shock mounted equipment (K systems) through the entire 
range of the shock mountings. The “G-meter” in the aircraft registers from 
minus 2 to plus 214 during the jolting. 

(c) Wing mounted equipment, such as fuel lines, pumps, and so forth, are 
developing more maintennace trouble than similar equipment mounted in the 
fuselage. A representative of Boeing Aircraft Co. at Castle AFB stated that 
the extreme flexing of the wings of HB aircraft during the time the aircraft was 
“jolted” was at least a major contributing cause of the excessive maintenance 
necessary on wing mounted equipment. 

(d) On Friday, September 23, 1955, the deputy base commander verbally 
advised the representatives of Headquarters 15th Air Force, that the condition 
of the runway was such that an operational hazard exists, and the condition 
should be relieved as soon as possible. 

(e) It was the consensus of all HB pilots that control of the aircraft would 
be greatly aggravated when a crosswind occurs. 

(f) Continued operation of aircraft will tend to deepen the depressions, and 
repeated jolting shocks will cause local failures in the runway. The major 
effect is on the aircraft itself in that wing mounted components require excessive 
maintenance; the fatigue failure of wing metals is accelerated due to the ex- 
cessive flexing occurring during the jolting periods; and instrumentation K 
systems are thrown out of adjustment. 

(g) Headquarters SAC has advised Headquarters USAF that the runway 
roughness will be a contributing factor to any accident to B—52 aircraft. 

5. The pavement maintenance to date has been negligible. However, the con- 
dition of the runway is considered an operational hazard by the base com- 
mander and therefore repairs must be made as soon as possible. Preliminary 
estimates of the cost of repairs is $75,000 with a shutdown of the runway for 
a period of 2 weeks. 

6. HB aircraft weighing an average of 350,000 pounds make 225 landings and 
225 takeoffs (estimated) per week. This traffic is being accelerated week by 
week as the base continues to receive additional equipment. 

2 inclosures: 1. Profile of runway station 25 plus 00 (drawing); 2. Profile 
of runway station 64 plus 00 (drawing). 
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HUNTER AIR FORCE BASE, SAVANNAH, GA. 


1. The flexible portion of the east-west runway (10,500 by 200 feet) is wavy 
between stations 22, to 28, 56 to 65, 66 to 76, and 85 to 92, measured from the 
east end. Waves occur at a center to center distance of approximately 50 feet 
along the centerline. Work was completed in May 1952. ‘Traffic for the period 
December 1953 to March 1955 was: MB, 9,352; HB, 28, H tanker, 3,108; heavy 
cargo, 56. Waves are deemed to be a construction deficiency, aggravated by the 
characteristics of the B—47 landing gear. 

2. Waves cause porpoising of aircraft when taking off. Difficulty occurs 
between stations 56 and 65 at speeds of 90 to 100 knots. 

3. Although the difficulty is not of a very serious nature at the present time, 
it can be expected to increase in magnitude with continued use of the runway 
by medium and heavy aircraft. In order to correct the defect, it would be 
necessary to suspend tactical operations for the period required to overlay the 
pavement. Two to three weeks would be required to make the repair. In the 
event that the defect develops to the point that complete overlayment of the 
10,500 feet by 200 feet flexible portion is required the cost of repair would 
approximate $365,000. The attached profile depicts the existing defects. 

(1 inel.—Profile Rwy.—Sta. 55 plus 00 (dg).) 





DAVIS-MONTHAN ATR FORCE BASE, ARIZ 


1. The primary northwest-southeast runway is 200 feet by 11,500 feet and 
was placed in operation in January 1953. The entire runway is asphaltic con- 
crete except for the northwest 300 feet of portland cement concrete. The first 
2,000 feet of asphaltic conerete on each end has slight rutting, and bleeding. 
Heavy bombers and heavy cargo aircraft leave distinct tire tread casts in the 
pavement. There is a slight hump 3,500 feet from the northwest end of the 
runway which causes B—47 aircraft to porpoise. 

2. Excessive asphalt makes the runway surface soft thus requiring addi- 
tional power to operate the aircraft. The kneading action of the surface obliter- 
ates the runway marking resulting in constant continuing replacement of the 
marking at excessive cost. The hump causes porpoising of aircraft. 

3. From March 1954 through August 1955 there were 93,993 landings and 
takeoffs, by medium bombers and heavy cargo aircraft. 


ALTUS AIR FORCE BASE, OKLA. 


1. The north-south runway (17-35) was constructed under the fiscal year 
52 MCP. Length is 10,800 feet: width 200 feet; flexible construction. Con- 
struction started November 26, 1952: completed March 2, 1954. Heavy tankers 
began flying operations April 1, 1954. There have been approximately 22,000 
takeoffs and 22,000 landings. Medium bombers (B47) began flying operations 
May 1, 1955, with approximately 15,000 takeoffs and 15,000 landings up to 
present time. 

2. The following deficiencies are reported: 

(a) There is a depression across the north-south runway approxiinately 1,500 
feet from the south end and two small abrupt depressions across the north- 
south runway approximately 700 and 900 feet, respectively, from the north end 
of the runway. In addition, the intersection of the north-south runway with 
the old east-west runway is uneven for a distance of 50 feet from the outside 
edges of the north-south runway. To date these irregularities of the runway 
have not caused serious operational problems. However, since approximately 
90 percent of the takeoffs are from north to south, the depressions at the north 
end of the runway cause B—47 aircraft to porpoise. The aircraft at the point 
of these depressions are moving rather slowly, and since each aircraft acceler- 
ates at the same rate, the depressions causing porposing are resulting inhar- 
monies undesirable for takeoff in the B-47 aircraft. The B-47 type aircraft 
continue to porpoise until they are completely airborne. 

(6) Observation of the north-south runway indicates that the depression at the 
south end of the runway and the two at the north end of the runway have devel- 
oped as a result of utilization by KC—97 and B—47 type aircraft. This observation 
is predicated on a survey conducted by the base AIO during February 1955 when 
elevations of the centerline and 25 feet each side the centerline were taken. 
During this survey it was apparent that the runway was well within the tol- 
erances of levelness as outlined in the specifications for the surface of this 
runway. 


1e, 
Ly 
ye 
he 
1e 
ne 
ld 


ar 
m- 
PTs 
WOO 
ms 
to 


0 
th- 
nd 
ith 
ide 
Tay 
ely 
rth 
int 
ler- 
1aT'- 
‘aft 


the 
vel- 
‘ion 
hen 
cen, 
tol- 
this 


AIRSTRIP PAVING MATERIALS 2299 


(c) The depression at the south end of the runway appears to be static. Ob- 
servation during the past 4 months reveals that it is essentially the same to 
date as it was 3 or 4 months ago. This is primarily attributed to the fact that 
aireraft are taking off from the north to the south. The two depressions at the 
north end of the runway have developed within the past 90 to 120 days. Observa- 
tions of these two depressions indicate that they are steadily becoming worse 
since they are aggravated by continued use of B—47 aircraft, and the porpoising 
effect the depressions cause the aircraft to undergo, which in turn affects the 
depressions now existent in the runway. ‘The uneveness of the north-south 
runway at a point approximately 1,500 feet from the south end and the 2 small 
depressions across the north-south runway approximately 700 feet and 900 
feet from the north end of the north-south runway has not yet caused any 
serious operational problems. However, the depressions at the north end of the 
runway seem to be progressive. 

3. No maintenance has been done to date. It is proposed however to remedy 
the distortion at the intersection of the north-south runway and the old east-west 
runway under the existing paving contract. 


BEN GUERIR AIR FORCE BASE, FRENCH MOROCCO 


1. Approximately 1,000 feet of the primary runway has become rough. This 
section lies between station 20+-25 and station 30+-00. The rough surface causes 
severe pitching and lurching of B-—47 aircraft upsetting the K system which 
controls armament, bomb sights and navigation. 

2. The condition has developed since rotational operations began in January 
1955. One wing operated 45 days and returned again in May 1955 and remained 
until the middle of August 1955. During that time there were approximately 
3,000 eycles (landings and takeoffs) by MB aircraft. 

3. No maintenance has been accomplished to date. Temporary repairs (level- 
ing) will have to be accomplished in the near future as the condition worsens. 


YUMA COUNTY AIRPORT, ARIZ. 


1. The northeast-southwest runway is 150 feet by 9,000 feet with 8,030 feet of 
asphaltic concrete and 960 feet of portland cement concrete pavement (southwest 
end). Excessive bleeding of asphalt on the pavement exists in the 2,000 feet 
of asphaltic concrete on which construction was completed in June 1954, and is 
adjacent to the portland cement concrete section ‘on the southwest end of the 
runway. The total surface affected is 3,500 square yards which is distributed 
throughout the southwest 2,000 feet of asphaltic concrete. 

2. The bleeding condition has been alleviated by: 

(a) Completion of the 960 feet extension of portland concrete cement thus 
moving all starting traffic off of the asphaltic concrete. 

(lb) Three applications of a dry aggregate blotter coat have been required. 
he first in August 1954; the second in December 1954 and the third in August 
1955. During the period the 200 feet was used for takeoff, it was necessary to 
accomplish all pretakeoff engine and other checks prior to entering the runway. 
A skidding condition, due to the free asphalt, existed on the runway; one jet 
fighter aircraft skidded off the runway from a standing position after the after- 
burner was turned on. See attached photographs. 

5. Operation of jet aircraft with high pressure tires will continue to accelerate 
the bleeding, which can be relieved by adding blotter courses from time to time. 
The major hazard is to aireraft tending to skid. 

i. Traffic to date is as follows: 

June 1954 to August 1955: 72,100 landings and takeoffs of jet fighter type 
aircraft. 

June 1954 to August 1: 5,100 landings and takeoffs of heavy cargo, and MB 
type aircraft. 


mm 


LUKE ATR FORCE BASE, ARIZ. 


1. Condition: The basic condition at Luke is a bleeding of the asphaltic con- 
crete pavement on the outboard northeast-southwest runway (3L-21R) which 
was placed in operation July 6, 1954. There is a 1,000 by 159 foot section of port- 
land cement concrete, then 8,000. feet of asphaltic concrete, and a 1,000-foot sec- 
tion of portland cement concrete. The normal traffic is from the northeast to the 


southwest. Bleeding of asphalt has occurred in the northeast 500 feet of 
asphaltic concrete. 
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2. Eifect on operations: None reported, as the installations engineer has been 
blotting and rolling as soon as the area affected is reported. No maintenance cost 
data available. 

3. Effect on runway: Continued bleeding will result from the combination of 
high-pressure tires and high summer temperatures. To date, the obliteration 
of the runway markings is accelerated by the bleeding action. 

4. Traffic data: In August 1955, there were 15,126 landings and takeoffs at 
Luke Air Force Base; 92 percent were fighter-type aircraft. 


HOMESTEAD AIR FORCE BASE, FLA. 


1. All airfield pavement under construction is of flexible pavement. Observa- 
tions made during construction have caused speculation that inadequacies may 
appear when subjected to aircraft operations. 

2. Observation of the coral base at several locations indicated a saturated 
condition. In other locations strata of marl (local soil) were noted. The type 
of rolling equipment, although adequate in numbers, did not include a roller 
providing sufficient footprint pressure to fully prove stability of the pavement 
structure. 


EXHIBIT 7 


ASSISTANT SECRETARY OF DEFENSE, 
Washington, D. C., December 20, 1955. 
Properties and Installations, 
Memorandum for the Secretary of the Air Force. 
Subject: Selection of airfield pavement types for Air Force construction. 

Reference is made to your memorandum dated October 28, 1955, requesting 
that discontinuance of use of bituminous airfield pavements, except for ap- 
purtenant construction, such as shoulders, runway overruns, and erosion-control 
areas, be approved. 

Primary runways and primary taxiways for sustained and full-capacity 
operation of principal combat aircraft or principal combat-support aircraft 
may be considered to be critical operational areas. 

Rigid-type airfield pavement may be provided in critical operational areas 
when necessary for required sustained and full-capacity operation of principal 
combat or combat-support aircraft. 

When provision of only one kind of airfield pavement is to be considered, the 
kind of pavement is to be clearly identified, and the identification is to be in- 
cluded and used as a part of the name or description of each item affected. 
This identification is to be continued through all phases of programing, au- 
thorization, funding, construction, and reporting of each facility. 

For all other airfield pavements, except as otherwise finally approved by this 
office, the provision of either flexible-type or rigid-type pavement will continue to 
be made on an economic basis by direct comparison of first costs. 


FRANKLIN G. FLOETE. 


Exutisit 8 


ASSISTANT SECRETARY OF DEFENSE, 
Washington, D. C., December 20, 1955. 
Properties and Installations 
Hon. F. Epwarp HEBERT, 
Chairman, Subcommittee on Special Investigations, 
Committee on Armed Services, House of Representatives. 

Dear Mr. CHAIRMAN: Reference is made to the report of the Subcommittee on 
Defense Activities of the Committee on Armed Services, House of Represent- 
atives, 83d Congress, 2d session, on airstrip paving materials, released under 
date of May 30, 1954, and to my letter on this subject dated June 7, 1954. 

A special committee of the Highway Research Board in the National Research 
Council, National Academy of Sciences, has completed a study and reported to 
me on the effects of military aircraft on airfield pavements. One of the recom- 
mendations of the special committee concerning the selection of pavement type 
is that the cost of construction and maintenance should not determine the selec- 
tion of pavement type in critical areas, since the differences in costs of the 
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two principal types are not so great that they should take precedence over 
operational requirements. In noncritical areas, where either portland cement 
or asphaltic concrete is satisfactory, costs of construction and maintenance 
should be considered, along with operational requirements, in a carefully con- 
ducted engineering analysis for the selection of pavement type. 

In another report covering an exhaustive study for this office by an architect- 
engineer, it was concluded that presently available paving methods, other than 
portiand cement concrete, do not possess the necessary qualities of stability and 
endurance under heavy concentrated loadings, high air temperatures, and jet- 
engine blast and fuel spillage. 

Analyses of these reports and reviews of other reports of airfield pavement 
failures and resultant interference with operational and training programs 
have been made by my technical staff. These indicate that portland cement 
concrete is the best material currently available of which hard, durable pave- 
ments with a smooth surface and nearly uniform gradients can be designed and 
constructed with reasonable assurance that they can be maintained to meet satis- 
factorily the requirements of the immediate future for the efficient, sustained, 
and full-capacity operation of modern, high-density, high-speed, military aircraft. 

Enclosed for your information is a copy of my letter to the Air Force desig- 
nating primary runways and primary taxiways for the operation of principal 
combat or combat-support aircraft as critical operational areas and authorizing 
the use of rigid-type pavement in such areas when necessary for sustained 
operations. 

These newly designated critical operational areas are in addition to (1) all 
apron areas, including access ramps to hangars or docks, (2) stub parking 
(hardstands), (3) wash racks, (4) calibration platforms, (5) warmup pads, 
(6) runway ends (1,000 feet), which have been previously designated as critical 
by the Air Force and so presented to the Subcommittee on Defense Activities of 
the Committee on Armed Services by the Air Force witnesses in the airstrip 
paving materials hearings on February 3, 4, 5, and 6, 1954. 

Sincerely yours, 
FRANKLIN G. FLOETE. 





EXHIBIT 9 
DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 


Washington, D. C. 
AFCIE-E /EC 


INSTALLATIONS ENGINEERING CRITERIA MEMORANDUM 


JANUARY 18, 1956. 
Number 56-8 (100.1.1). 


Subject: Pavement and Grounds. 


AIKFIELD PAVEMENTS-—SELECTION OF TYPES, DESIGN, AND ALTERNATE BID SCHEDULES 
Purpose 


Changing requirements and other factors have necessitated release of numer- 
ous criteria letters and memoranda pertaining to the design of airfield pave- 
ments, the selection of airfield pavement types and to related procedures for 
soliciting bids. It is the purpose of this Installations Engineering Criteria 
Memorandum to revise and consolidate these miscellaneous instructions. 

The following criteria letters and memoranda are rescinded: 

(a) Letter this headquarters dated January 8, 1954, subject: Airfield Pave- 
ment Criteria and Alternate Bid Schedules for Air Force Installations (Uncl) 
and amending letter, same subject, dated August 16, 1954. 

(b) AICM 54-29 (100.1.1), dated October 12, 1954, subject: Airfield Pavement 
Design. 

(c) Letter this headquarters, dated April 27, 1955, to Chief of Engineers and 
Chief, Bureau of Yards and Docks, subject: Design of Heavy Load Airfield Pave- 
ment at Air Force Installations. 
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(d) Letter this headquarters dated May 19, 1955, subject: Use of Tar Rubber 
Pavement in Critical Areas at Air Force Installations. 

(e) Memorandum this headquarters for Chief of Engineers, dated July 8, 
1954, subject : Design of Primary Taxiways at Multipurpose Use AF Installations. 

(f) Memorandum No. 2 this headquarters for Chief, Bureau of Yards and 
Docks, dated July 8, 1954, subject as (c) above. 

Criteria 

(a) Selection of pavement types: 

(1) “Primary use pavement” at all Air Force installations, will normally be 
constructed of portland cement concrete. 

(2) The term “primary use pavement” is defined as (1) all paved areas on 
which aircraft are regularly parked, serviced, maintained or preflight checked; 
(2) all runways having adequate length, width and approaches to permit sus- 
tained use by combat or combat support aircraft, and (3) taxiways connecting 
paved areas defined in (1) and (2) above. 

3’) Other airfield pavement will be constructed.of either portland cement con- 
crete or an acceptable type of bituminous pavement, choice being predicated on 
low first cost. 

(4) It is recognized that conditions will arise when construction with portland 
cement concrete may not be practical or economically feasible. Exceptions will 
be considered on request to Headquarters, USAF, attention: AFCIE-E, 

(5) All future actions on the part of the Air Force relating to programing au- 
thorization, funding, construction, and reporting will clearly identify that the 
specific use of portland cement concrete pavement is intended where such is the 
case. 

(b) Design of airfield pavements: Airfield pavement will be designed for heavy 
load or light load conditions as follows: 

(1) Definition: 

(a) Heavy load: A load of 100,000 pounds supported on a single landing 
gear having dual wheels spaced 37% inches center to center, each wheel hav- 
ing a tire contact area of approximately 267 square inches. For channel- 
ized traffic areas see criteria under design procedure. 

(b) Light load: A load of 25,000 pounds supported on a single landing gear 
having a single wheel having a tire contact area of approximately 100 square 
inches. 

(2) Design selection: 

{a) Heavy load design: To provide flexibility for changing missions, heavy- 
load design will be used for all airfield pavements at all Air Force installa- 
tions except under the following conditions: 

1. Where terrain or previous base development would preclude the 
expansion of one or more essential runways for utilization by medium 
bomber, heavy bomber, or heavy cargo aircraft. 

2. At airfields not owned in fee by the USAF where terms of lease or 
base rights are inconsistent with extended Air Force tenure, or where 
agreements restrict operations to other than heavy aircraft. 

3. At permanently established basic training stations. 

4. At fiving fields auxiliary to main bases and gunnery ranges. 

5. Where extensions, additions, or widenings are to be made to existing 
understrength pavement and no provision has been made for strength- 
ening abutting pavement. A further exception is here made in case of 
apron additions: Mass apron additions of 50,000 square yards or more 
will be designed for heavy load criteria regardless of strength of abutting 
pavement; however, this rule will not apply in the case of apron access 
taxiways or other narrow peripheral additions to existing parking 
facilities. 

6. Fighter alert taxiways and other small or limited use facilities 
provided solely for fighter type aircraft. 

7. Access aprons to maintenance hangars, types A and B washracks 
and jet engine check pads for medium bomber and heavy bomber air- 
eraft. The design load for these facilities will be reduced to 80,000 
pounds. 

Application of the heavy load design criteria pertains only to pavement strength 
and will not be construed as requiring additional lengths, widths, or additional 
paved facilities not required by the assigned mission. 

(b) Light load design: This design will be used for all airfield pave- 
ment to be constructed at all other Air Force installations where it will 
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satisfy the mission requirements. Where additions or extensions are made 
to existing pavements which do not meet light load criteria, but are other- 
wise adequate for the assigned mission, the new pavement will be designed 
to match the strength of the existing pavement. Where existing pavements 
are substandard or otherwise inadequate for the assigned mission they will 
be strengthened to light load criteria concurrently with the construction of 


the addition or extension. For type C washracks the load will be reduced 
to 20,000 pounds. 


(3) Design procedure: 

(a) Pavement design will be based on procedures set forth in part XII, 
chapters 2 and 3 of the Corps of Engineers Engineering Manual or the 
Bureau of Yards and Docks (Navy) Airfield Pavement Technical Publica- 
tion, NAVDOCK TO-Pw-~4. 

(b) Because of traffic channelizing effects of bicycle gear type aircraft 
(B-47 and B-52) on taxiways and runway thresholds at multimission in- 
stallations, the design thickness of the center 25 feet transverse width of 
heavy load taxiways and the end 500 feet of runways designed for heavy 
loading will be increased in thickness by 20 percent. 

(c) Alternate bid schedules: On paving projects where other than portland 
cement concrete pavement must be considered, the contracting officer will evalu- 
ate control estimates for the total project. If, in his opinion, the use of all 
rigid pavement would not increase the project cost by more than 15 percent, 
alternate bid schedules will be offered. Otherwise, the project will be offered 
for bid with the flexible pavement items and the rigid pavement items clearly 
delineated. 


Appurtenant construction 

This installations engineering criteria memorandum pertains only to pave- 
ment constructed specifically for the ground movement of aircraft. Criteria 
pertinent to stabilized shoulders, stabilized runway overruns, and blast erosion 
control features are contained in previously issued memoranda. 


Implementation (mandatory) 


The above mandatory criteria will be integrated into current and future con- 
struction programs, subject to the following: 

(a) Time permitting, by addendum to the bidding documents prior to and 
without delaying the receipt of bids. 

(b) When time does not permit, by change order. 

(c) When a delay in contract award and completion, affecting the scheduled 
utilization of a facility, will result from the incorporation of a mandatory 
change, due, for example, to the need to reprogram additional funds, the Air 
Force installations representative will submit the problem to this headquarters. 


ExursitT 10 


DEPARTMENT OF THE AIR FORCE, 
HEADQUARTERS, UNITED STATES AIR FORCE, 
Washington, D. C., January 20, 1956. 
AFCIE-EE. 
Subject: Revised criteria for airfield pavements. 
To: All major commands. 

1. On December 20, 1955, the Office, Secretary of Defense, aproved an Air 
Force request to expand the use of portland cement concrete to include runways 
and primary taxiways at Air Force installations, copy attached (enclosure 1). 
Revised criteria incorporating this change are now being published and distrib- 
uted to the field. Data submitted by your headquarters, and other independent 
studies, were used as a basis of the Air Force proposal. 

2. With this announcement it is desired to add a word of caution. These 
revised criteria are not to be interpreted, and are not to be used, as a justifica- 
tion to replace serviceable asphaltic concrete pavements. It is, therefore, in- 
cumbent upon commanders to continue the highest practicable degree of mainte- 
nance to insure maximum usable life from asphaltic pavements now in place. 

By order of the Chief of Staff. 

LEE B. WASHBOURNE, 
Major General, USAF, 
Assistant Chief of Staff, Installations. 
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ExHIsiT 11 


DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS, UNITED STATES AIR FORCE 


Washington, D. C. 
AFCIE-E/E 


ENGINEERING CRITERIA MEMORANDUM 


Ss 
(This IECM rescinds AICM 55-54 (135.4.1), July 22, 1955, and IECM 56-8 
(100.1.1), January 18, 1956.) 


INSTALLATION 


May 25, 1956. 
No. 56-34 (100.1.2). 
Subject: Pavement and grounds. 


AIRFIELD PAYMENTS—SECTION OF TYPES—DESIGN AND ALTERNATE BID SCHEDULES 


Purpose 


Studies recently completed on improved-performance aircraft require revi- 
sions in the design of airfield pavement. This IECM establishes a new basis of 
design for heavy-load pavement facilities. Previously established design for 
light-load pavement remains unchanged, but is restated herein for convenience. 


Criteria 

1. Selection of pavement types: 

(a) “Primary use pavement” at all Air Force installations will normally be 
constructed of portland cement concrete. 

(b) The term “primary use pavement” is defined as (1) all paved areas on 
which aircraft are regularly parked, serviced, maintained, or preflight checked ; 
(2) all runways having adequate length, width, and approaches to permit sus- 
tained use by combat or combat-support aircraft; and (3) taxiways connecting 
paved areas defined in (1) and (2) above. 

(c) Other airfield pavement will be constructed of either portland cement 
concrete or an acceptable type of bituminous pavement, choice being predicated 
on low first cost. 

(d) It is recognized that conditions will arise when construction with port- 
land cement concrete may not be practical or economically feasible. Exceptions 
will be considered on request to Headquarters, USAF, attention AFCIE-E. 

(e) All future actions on the part of the Air Force relating to programing 
authorization, funding, construction, and reporting will clearly identify that 
the specific use of portland cement concrete pavement is intended where such is 
the case. 

2. Basis of design: Airfield pavement will be designed for either heavy-load or 
light-load conditions. 

(a) Heavy load: This design will be based on a gross aircraft load of 456,000 
pounds supported on 2 sets of “twin-twin” gear, each gear having a wheel 
spacing of 36’’-62’’-37’’, the tire on each wheel having a contact area of 267 
square inches. The load distribution on the fore and aft gears is calculated on 
the basis of 48 and 52 percent, respectively. 

(1) Facility design: 

(a) Hangar-access aprons, hangar floors, and types A and B wash 
racks will be designed for partly empty, unarmed aircraft, weighing 
300,000 pounds distributed 48 percent on fore and 52 percent on rear 
gear. 

(b) Runways, taxiways, warmup pads, parking aprons, maintenance 
aprons, heavy aircraft alert aprons, and similar-use areas (other than 
(1) (a) above) will be designed for an aircraft weight of 456,000 
pounds. In developing designs for aprons, 94 percent of the aircraft 
traffic will be assumed to weigh 400,000 pounds or less. 

(c) The center third of the transverse width of primary taxiways, 
and the center 100-foot transverse width of the end 500 feet of runways 
and the connecting area will be designed for channelized traffic. 

(2) Design emphasis: All concerned, including architect-engineer firms 
retained for design, will emphasize that the major objective of this revised 
criteria is to resolve the problem of channelized traffic. 
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(3) Coordination of special designs: 

(a) Air Force design directives will identify pavements to be 
specially built for purposes not satisfied by the multimission criteria 
above. 

(b) Predesign conferences will insure proper justification of in- 
creased cost estimates for such special designs. 

(c) Though no intermediate standard is established, special-purpose 
bases may be assigned design loads less than specified in paragraph 2 
(a) (1) above or 2 (b), which follows: 

(b) Light load: A load of 25,000 pounds supported on a single landing gear 


having a single wheel having a tire-contact area of approximately 100 square 
inches. 


3. Design selection : 

(a) Heavy-load design: To provide flexibility for changing missions, heavy- 
load design will be used for all airfield pavements at all Air Force installations 
except under the following conditions: 

(1) Where terrain or previous base development would preclude the ex- 
pansion of one or more essential runways for utilization by medium 
bomber, heavy bomber, or heavy-cargo aircraft. 

(2) At airfields not owned in fee by the USAF, where terms of lease 
or base rights are inconsistent with extended Air Force tenure, or where 
agreements restrict operations to other than heavy aircraft. 

(3) At permanently established basic-training stations. 

(4) At flying fields auxiliary to main bases. 

(5) Fighter alert taxiways and other small or limited use facilities pro- 
vided solely for fighter type aircraft. 

(6) For extensions, additions or widenings made to existing under- 
strength pavement which is not to be concurrently strengthened, the design 
of said increments will match the demonstrated strength of the existing 
pavement. 

(a) Exception: Mass apron additions of 50,000 square yards or more 
will follow the criteria of 2a (1) (b) or 2b above, regardless of the 
strength of abutting pavement. 

(b) Additional exception: The exception above does not apply to 
apron access taxiways or to other narrow peripheral additions to 
existing lower strength parking facilities. 

(c) Application of the heavy load design criteria pertains only to 
pavement strength and will not be construed as requiring additional 
lengths, widths, or additional paved facilities not required by the as- 
signed mission. 

(b) Light load design: This design will be used for all airfield pavement to 
be constructed at all other Air Force installations where it will satisfy the mis- 
sion requirements. Where additions or extensions are made to existing pave- 
ments which do not meet light load criteria, but are otherwise adequate for the 
assigned mission, the new pavement will be designed to match the strength of 
the existing pavement. Where existing pavements are substandard or other- 
wise inadequate for the assigned mission they will be strengthened to light load 
criteria concurrently with the construction of the addition or extension. For 
type C wash racks the load will be reduced to 20,000 pounds. 

4. Design procedure: Pavement design will be based on procedures set forth 
in part XII, chapters 2 and 3, of the Corps of Engineers Engineering Manual 
or the Bureau of Yards and Docks (Navy) Airfield Pavement Technical Pub- 
lication NAVDOCK TO-Pw-4. 

5. Alternate bid schedules: On paving projects where other than portland 
cement concrete pavement must be considered, the contracting officer will eval- 
uate control estimates for the total project. If, in his opinion, the use of all 
rigid pavement would not increase the project cost by more than 15 percent 
alternate bid schedules will be offered. Otherwise, the project will be offered 
for bid with the flexible pavement items and the rigid pavement items clearly 
delineated. 

Appurtenant construction 


This installation engineering criteria memorandum pertains only to pavement 
constructed specifically for the ground movement of aircraft. Criteria perti- 
nent to stabilized shoulders, stabilized runways overruns and blast erosion con- 
trol features are contained in separate memoranda. 
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Implementation (mandatory) 

1.'The above mandatory criteria will be integrated into current and future 
programs subject to the following: 

(a) Fiscal year 1957 and future year program items will be designed in 
accord with above criteria. 

(b) Above criteria will be used in design of fiscal year 1956 and prior-year 
items where construction has not progressed to such a point as to make appli- 
eation impractical. 

2. When implementation of above criteria to fiscal year 1956 and prior year 
program items will require additional apportionment of funds or will jeopardize 
funding of other facilities in the same program, details will be referred to 
AFCIE-C prior to implementation. Where application of new criteria in fiscal 
year 1957 and subsequent programs will result in slippage or deferral of other 
authorized projects in station programs, report these facts to AFCIE-C 
promptly in order that information may be used for (1) planning base utiliza- 
tion (2) securing deficiency authorization to cover cost overruns. 

Mr. Ferry. Mr. Chairman, I think—if you are satisfied with what 
we have been able to produce for you, sir, we ask to be excused. 

Mr. Courtney. Yes. 

Mr. Ferry. With thanks of the Air Force for the courteous treat- 
ment which has been extended to our witnesses. 

Mr. Héeerr. Just one second. Mr. Miller has an observation. 

Mr. Mituer. Mr. Ferry, in view of your statement that you feel that 
we had traveled rather far afield, 1, too, want to see that it is kept 
on the straight and narrow path. 

The thing we are seeking is a cheaper, if there is a cheaper type of 
pavement, that can be developed 

Mr. Ferry. Yes, sir. 

Mr. Minter. I would like you to express yourself with regard to 
this statement made by General Wilson. I quote from page 4 of his 
remarks: 





With regard to future aircraft loadings heavier than the B-—52, sufficient work 
has been done on the design of flexible pavements to indicate that the remaining 
problems associated principally with asphaltic layer may not be insurmountable. 
Further investigation is definitely required before any design or construction for 
these extremely heavy loadings is initiated. 

In view of that, doesn’t it indicate we can’t afford—you can’t afford 
to close your mind when asked to continue this, when the Assistant 
Chief of Engineers makes that statement ? 

Mr. Ferry. Sir, we have invested with the Chief of Engineers, and 
for pur ig of exper iment—in investigational engineering, since 
1952—they have given me a summary. We have $2,150,000 experi- 
ment in for tivid paving and $2,528, 000 in for flexible pavement. 

Mr. Minier. I may say, in answer to that, Mr. Ferry, that the sixty- 
some accidents that were reported here just ‘about exceed that amount. 

So I don’t think that the amount of money that we have spent in 
experimental work in trying to develop p: avements is such a great sum 
that we should be staggered by it. The $800,000, if $800,000 is the fig- 
ure—and I agree with: you, that you can’t pick it out of the air. You 
should exercise all care and diligence in making sure that no money is 
going to be expended that is not necessary in this field. 

But it surely indicates to me that if it is of the magnitude of $800,- 
000, it is not too great, because as the colonel said in “disc ussing these 


accidents you couid have one accident that would be $1 million. That 
is very conceivable. 
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If it looks like we are on the threshold of success, we should pursue 
it further and should not cut it off at this particular point. Ap- 
parently that is what the Air Force seeks to do. 

Mr. Ferry. I am in complete accord with the statement Mr. Miller 
has made there. I, however, ask we do not attempt to tie the cost of 
airplane accidents to paving, rigid or flexible. I do not think there 
is too close an analogy. 

Mr. Minter. Well, if there are airplane accidents—and I assume 
the airplane accidents reported here were airplane accidents that were 
the result of pavement failure 

Mr. Ferry. No, sir. 

Mr. Miter. I hope we didn’t have accidents here that were me- 
chanical failures; that is, due to mechanical failures in the airplane. 

Mr. Ferry. That is unfortunately the case. It was breaking acci- 
dents on pavings. 

Mr. Miter. That these were due to that. Then with an accident 
failure that is costing close to $5 million a year—I think that was 
about the period over which these were taken 

Colonel ALExANDrR. No, sir; it was a longer period. 

Mr. Mitier. What? Three years? 

Colonel ALexANpDER. Yes, sir. 

ir. Minter. Even with 3 years— we would certainly be entitled to 
expend an equivalent amount of money in trying to get a correction 
of that condition. Don’t you think that is reasonable? 

Mr. Ferry. I would like to leave it, as to the figure, that I personally 
will look over the projected experimental and research program that 
the Corps of Engineers suggests to us and we will exercise the best 
judgment, with a . flexible mind, I hope 

Mr. Mixer. I want to congratulate you, too, Mr. Ferry; you are 
always a pleasure to have before the committee. You area good wit- 
ness and a coopel rative one, and one that is not afraid to speak up. 

Mr. Ferry. Thank you, Mr. Miller. It is very complimentary. 

Mr. Heéserr. Mr. Ferry, thank you also for coming up. And I 
will not make a valedictor y observation, but only an interim one, and 
indicate perhaps why I am such a cynic in talking to Department 
witnesses and representatives. I have been here a long time. I have 
found out that the rule and not the exception—the departments come 
in and make the most glowing promises and the most pious statements 
and walk out the door and forget all about them. 

Mr. Ferry. Mr. Hébert, I can only speak as long as I am in my 
official position as special assistant for Installations, and so responsible 
for this phase of the Air Force work. 

Mr. on iT. 1 know—— 

Mr. Fer Any statement that I have made today while I am 
here—I w IL see that it is carried on. 

Mr. Heserr. I appreciate it. 

Mr. Ferry. If I am not here, I will attempt to leave enough pious 
intents behind me so others will pick it up. 

Mr. Heénert. You suffer from guilt by association, Mr. Ferry. 

Because it was at the same table that the Department of Defense, 
only a year ago, solemnly pledged this committee that they would not 
indulge in negotiated contracts under the so-called Korean emergency. 
They performed admirably. They did a splendid job. They kept 
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their word. They reduced it from 93 percent to 92 percent. It was 
a magnificient contribution, on their promise. 


Mr. Ferry. You would. pardon me if I make no comment, Mr. 
Chairman ? 


Mr. Hésert.. Yes. Thank you very much. 

Mr. Ferry. Thank you, sir. 

Mr. Courtney. Mr. Chairman, on this safety factor, Mr. Warden 
is here, and he has a comment which he would like to make on behalf 
of the asphalt—Bituminous Contractors Association. 

Would you come forward, please, Mr. Warden. 

His statement is in the record, Mr. Chairman. He called attention 
to the fact that this would amplify it in view of the testimony this 
morning. 

This is Mr.—— 

Mr. Warven. Warren Warden. 

Mr. Courtney. Warren Warden, of Warden 

Mr. Warven. Miller-Warden Associates. 

Mr. Courtney. Of Swarthmore, Pa., and other places. 

Mr. Warven. We have other offices; yes. 

Mr. Courtney. Sit down, Mr. Warden, please. 

Mr. Warpen. Mr. 

Mr. Courtney. You may be seated. 

Mr. Warpven. Mr. Chairman, our statement was prepared before 
we heard any of the hearings. We have heard all comments made. 
None of our statement is to be changed a single word. 

I would, however, like to present to the ‘committee a comment with 
respect to the si afety factor, which we think is pertinent, and which is 
not included in our prepared statement. 

Colonel Alexander, may I have the chart that you used? It isa 
good one. 

Colonel ALEXANDER. I believe it is in the counsel’s office. 

Mr. Warven. Oh, well—— 

Colonel ALEXANDER. Just a minute. We will get them right out to 
you. 

Mr. Courtney. I thought they were here. 

Mr. Warpen. Mr. Courtney, I would like to add for the record that 
while we have been retained to study the issues involved in this prob- 
lem by the National Bituminous Concrete Association, our company 
works with both types of pavement and we have no proprietary interest 
in either of the major products. 

I might clarify the record while we have a moment on another 
point that was raised in one of the previous day’s testimony. The 
percentage of asphalt and asphaltic concrete is 4 percent, about 4 per- 
cent by weight. The percentage of portland cement in portland 
cement concrete is about 15 percent by weight. 

Mr. Courtney. Let the record show, then, that the witness is about 
to refer to chart No. 2, which appears in the testimony of Colonel 
Alexander. 

Mr. Warpen. We would like to point out that the subbase and the 
base of flexible pavement consists of several feet of a well compacted 
and dense prepared material, whereas—we still have the wrong chart 
here. Where is the one with the CBR of 3? 

Colonel ALtexanveR. That is it. 
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Mr. Warven. That is it. 

Mr. Courtney. Let’s correct it, then, to say chart No. 1. 

Mr. Warven. Right. W hereas the rigid consists of a 4-inch mat 
on a CBR of 3, and no mat on stronger subgrades. 

Now, I would like to assume a subgrade weakness which has been 
cited throughout the hearings, which “weakness may be due to faulty 
design, fi vult y construction, faulty inspection or to insufficient borings, 
high water table, poor drainage or moisture from any source. Such 
as has been cited as occurring at March Air Force Base, where the 
subgrade down here develops a weakness. 

Now, what happens with the flexible pavement in that weakness? 
As soon as that weakness becomes appreciable, by its very nature, the 
pavement itself conforms to the depression. 

Mr. Courtney. ‘The depression in the subgrade ? 

Mr. Warpen. Depression in the subgrade, , which, as cited at March, 
Pine Castle, and others, may be due to ¢ any one of these causes cited. 

On the other hand, as soon as our—let me go back just a minute. As 
soon as weakness occurs here adicuinnt the pavement conforms 
to that weakness. It becomes evident—the people at the field know 
at the time—that there is a weakness at that point. 

On the other hand, as soon as a weakness appears under the rigid 
pavement, the rigid pavement then must depend on its structural 
strength to bridge that weakness. 

As time goes on and this area down here becomes weaker, and the 
washed-out area, if it is that, becomes greater 

Mr. Courtney. You are referring to the subgrade now, for the 
record ? 

Mr. Warven. I am referring entirely to the subgrade. 

Mr. Courtney. Yes. 

Mr. Warpven. There will occur at some time a situation wherein the 
portland cement concrete rigid slab will crack or break through to 
conform to that weakness. I would like to call attention to two 
pieces of testimony: One is on page 50. 

In discussing the failure at March Air Force Base, Mr. Courtney 
asked this question: 





If your subgrade won't support your pavement, it doesn’t make any difference 
what kind of a pavement it is? 

Colonel ALEXANDER. That is correct. 

Now, then, I submit that this becomes, then, a matter of policy and 
therefore of concern for not only safety issues but a matter of interpre- 
tation of engineering data for the committee. In following that 
thought, Colonel Alexander, on page 209, in response to questioning by 
Mr. Rivers, stated: 


On this entire item of strengthening for the B—52’s, the way they are thinking 
is until they— 


referring to the pavements— 


start showing some serious signs of distress, we won’t come in for strengthening 
projects. 


(Statement submitted by Air Force is as follows :) 








2310 AIRSTRIP PAVING MATERIALS 


STRENGTHENING 


Several of our airfields have pavements designed for 100,000 pounds on dual 
wheels which will be overloaded as late models of B-47’s and B-52’s aircraft 
operate on them at full gross load. It is recognized that some distress in airfield 
pavements is anticipated for the following reasons: 

(a) None of the pavements designed prior to June 1955 for the 100,000-pound 
gear load was designed for channelized traffic such as imposed by B-47 and P-52 
type aircraft. 

(0) Certain pavements in use by heavy aireraft were designed for lesser loads 
than that noted in paragraph (a) above. 

(c) In some instances, due both to urgency and to the utilization of construc- 
tion expedients, construction has proven to be of borderline adequacy when sub- 
jected to traffic of modern heavy aircraft. 

Rather than undertake a major program of strengthening pavements, it is 
planned to observe the conditions through regular surveys. Accordingly, it is 
considered that repairs and strengthening will be effected on a spot basis as 
necessary, priority being given to those bases where the need for strengthening 
and/or repair is most acute. Since the vulnerability of the heavy bomber air- 
fields to potential distress is recognized, these airfields will be kept under con- 
stant surveillance and the areas of incipient distress promptly identified. 

In those cases where incipient distress of a serious nature or signs of ques- 
tionable developments in the pavements are observed, a strengthening program 
will be initiated. 

Mr. Warpen. In other words, they are not going to strengthen these 
things until some serious distress occurs. 

Now, then, if that is the case, we do have this problem of the seri- 
ous drop which has occurred with the rigid pavement. Refer to 
Offut Air Force Base and the ee that occurred at that point. 
One of our young civil engineers was recently released from the Air 
Force, and he called our attention to a breakthrough at Harlingen 
Air Force Base, in Texas, wherein a trailer wheel dropped 6 inches 
due to this breakthrough. 

I would also like to cite General Wilson: 

Rigid pavements designed and constructed prior to 1955 for the B-47 loading 
have shown a minor amount of cracking under the channelized traffic of that 
aircraft. A more rapid progression of defects on these pavements may be antici- 
pated under the overload of the B-52 aircraft. 

Therefore, I submit, gentlemen, that because of the very nature of 
the flexible pavement the weaknesses show up immediately, whereas 
the weaknesses over here {indicating} have not yet made themselves 
as evident, as General Wilson feels, and the rest of the industry feels, 
that they will become, in spite of the fact that these overloads im- 
posed on flexible pavements show up immediately. 

By the very design, there has been less than 1 percent of the total 
area of all asphaltic concrete pavements constructed by the Corps 
of Engineers since 1952 on military airfields show any reported indi- 

‘ation of distress due to channelized traffic of any type. 

In other words, all this conversation about channelized traffic show- 
ing up immediately amounts to something less than 1 percent of the 
total number of square yards of flexible pavement put in by the Corps 
of Engineers since 1952. 

Mr. Bares. Where do you get that figure ? 

Mr. Warpen. That figure comes from two places. General Wil- 
son’s statement: 105 airfields—I have the numbers in my case; they 
will be subject to some verification—105 airfields, 10 of which have 
shown distress from channelized traffic. That is roughly 10 percent. 
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He further states that the channelized areas are less than 10 percent 
of an airfield. So 10 percent of 10 percent is less than 1 percent. 

We also cite Mr. Kavanaugh’s report on Altus, wherein—and that is 
a much-discussed base, as you will recall—the area affected is one- 
fifth of 1 percent of the flexible pavement on that base. 

I submit, gentlemen, that this safety factor is the real significant 
safety consideration in comparing the two types of pavement. Such 
factors as skidding, and so forth, have been—skid resistance—under 
discussion and have been controversial issues for years in the highway 
field. The difference between the two pavements is inconsequential 
for these things. 

However, the structural difference, I feel, contains a point which 
should be of concern to the committee. Thank you. 

Mr. Mitier. Mr. Chairman. 

Mr. Hésert. Mr. Miller. 

Mr. Mitier. May I ask a question: Earlier in some of the discussion 
we heard some stuff about tiring of some of these pavements. Will 
the rigid tire quickly, more quickly than flexible, or will flexible tire 
more quickly than rigid ? 

Mr. Warven. Yes; concrete is subject to fatigue. Concrete is also 
subject to thermal stresses, and other things, which lead us to feel that 
the increase of thickness beyond current criteria is at least questionable 
for unreinforced concrete beyond the existing point. 

Mr. Courrney. Mr. Chairman, may I ask a question there? 

You touched on the subject the subcommittee is interested in and 
had asked questions about. In the testimony so far, as I understand 
it, none of the airfields in question or under design carry reinforcing 
material ? 

Mr. Warpen. Insofar as I know. 

Mr. Courtney. Steel. 

Mr. Warven. That is right. 

Mr. Courrney. Insofar as you know? 

Mr. Warpven. However, they are experimenting with reinforcing. 

Mr. Courtney. All right. We are talking about the pavements 
as they are in place. W ould there be any difference in the supporting 
of the slab shown on the chart No. 1 of Colonel Alexander, to which 


‘you have made reference, if it had been reinforced, and w ould there 


be a difference in the design ? 

Mr. Warpen. Yes, sir. In my opinion, the thickness of the slab 
could be materially reduced if reinforced, and the slab would be 
stronger, that is, it would bear a greater load before failure due to 
overloading. You would then have what would amount to a bridge. 
That is, we can build bridges 300 feet long or as wide as a highway to 
just—— 
~ Mr. Courtney. Then two things follow from that: One, by the use 
of reinforcing, I take it, you increase the structural strength ? 

Mr. Warpen. Yes; that is right. 

Mr. Courtney. And, two, you reduce the volume of cement that is 
used ? 

Mr. Warven. Right. 

Mr. Courtney. That is all the questions IT have. 


Mr. Warpen. However, you materially, very materially, increase 
the costs. 
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Mr. Courtney. Yes. 

Mr. Hésert. Thank you very much. 

Mr. Bares. Those figures which you cited are since 1952? 

Mr. Warpen. Yes, sir. They are in General Wilson’s statement, 
incidentally. 

Mr. Bares. You don’t have any information as to the frequency of 
these occurrences rec ently? T he reason I make that statement is this 
word “channelization” is a new one to me in these hearings, and, if it 
is a new factor—this weight factor has been something that has only 
been in the last couple of years—the figures wouldn’t be the same. 

Mr. WarpvEN. While channelization is a relatively new—not a new 
thing, because it has continued, but an understanding of channeliza- 
tion is relatively new, and in spite of the fact that the failure due to 
channelization will show up first on flexible pavement, it is interesting 
to note in General Wilson’s analysis of failures that he has 4 airfields 
cited, a failure of flexible pavement due to deformation of the flexible 
pavement—not subgrade failure, but of the flexible pavement—and 
we have 3 of rigid. So, in spite of the lead time that flexible has, the 
two are quite comparable. 

Mr. Hésert. Thank vou very much, Mr. Warden. 

Mr. Courtney. Mr. Chairman, General Wilson is here. Then we 
have the Department of Navy. I hope we can finish both. 

Mr. Hésertr. General Wilson, will you come forward ? 

Mr. Covrrney. General Wilson, will you come forward, please? 

General Wilson, the committee has one question to ask of you. 

General Wiison. Good morning, sir. 

Mr. Hézerr. Good morning, General. You want to introduce this 
other witness? 

Mr. Courtney. Oh, yes. This is Dr.— 

Dr. Turnsviyt. Turnbull. 

Mr. Courtney. W. J. Turnbull? 

Dr. TuRNBULL. Yes. 

Mr. Courrney. Of the experimental laboratory at Vicksburg, for 
the Corps of Engineers. He has been mentioned frequently in the 
testimony and is referred to in a number of the exhibits. 

Mr. Heénerr. Mr. Bates, you had a question ? 

Mr. Bares. General, I think you understood the question I asked. 
Did you consult with the asphalt industry as to the mixture and how 
this test down there at Kelly should be worked out ? 

General Wirson. I can answer that, generally, and then ask Dr. 
Turnbull to answer it more specifically. 

We have always consulted with both industries in our research pro- 
gram. And, when we run into troubles, we consult with both of 
them. I do not believe we specifically asked them to approve the 
particular pavement design we used on that particular test. I would 
like to point out, however, that we are, all of us, enjoying the position 
of a Monday-morning quarterback on this thing. I am certain the 
committee is having difficulty in understanding some of these things. 
I am, myself. 

In general, I would like to say that on that test we were directed 
by the Air Force to make a test, as has been testified, to carry 30,000— 
or to carry channelized traffic. It is my understanding that we dis- 
cussed with the Air Force in more detail, and that we felt at that time 
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that the surface design was adequate. We were worried more about 
the design of the elements below the surface. 

So, it was agreed, probably on our recommendation, that we use 
the existing criteria, existing as of that date, for this surface. That 
is why the particular design of the surface was used. In other words, 
as of that moment in our state of knowledge, we were not concerned 
about the surface itself us much as we were of the other features, and, 
therefore, we wanted to find out whether our existing criteria would 
hold up for the B47. Again, we are talking of the B47, whereas 
today we are thinking in terms of the B-52. 

Now, to answer the specific question, I would rather ask Mr. Turn- 
bull, who is intimately connected with that test. 

Mr. Hépverr. Dr. Turnbull. 

General Witson. Did you actually consult with the asphalt industry 
in that particular? 

Dr. Turnpuiyt. We did not, as such. We had contact with Mr. 
Griffith, of the Asphalt Institute, at various times, and had discussed 
the Kelly test. I think that both Mr. Griffith and Mr. Wellborn 
knew, generally, what the test was. 

I corroborate the general’s statement, that we placed the asphalt on 
the Kelly test utilizing our best knowledge at that time. 

When the channelization problem first came up, we began studying 
it, and we realized we had a problem in thickness, total thickness of 
pavement, in the compaction of the various layers of the pavement, 
and possibly, in the design of the asphaltic concrete mixture. We did 
correct the total thickness of the pavement by a certain amount. 

Mr. CourtNEey. You mean all layers? 

Dr. TcRNBULL. Well, the overall thickness requirement. 

Mr. Courtney. Yes. 

Dr. TurnBuLL. We did increase the compaction requirements. 

Mr. Courrney. In the subgrade? 

Dr. TurnpuLt. Yes. Also in the subbase and in the base courses. 
In taking a long look at the asphaltic concrete mixture, the only thing 
that we thought was necessary to meet the channelized traffic was an 
increase in stability. Now, that increase in stability was in effect at 
the time of the Kelly test. 

But, actually, the difference between the design of pavements for 
nonchannelized B-47 traffic and for channelized B47 traffic at the 
time of the Kelly test was only in the increase of stability requirement. 

Mr. Courtney. Well, then, if I may jump from the general’s answer 
to the question a moment ago, in his discussions with the committee 
as to the validity of the Kelly test and who prescribed what, are we to 
understand for this record that, so far as the Kelly test is concerned, 
the subbase structures and the compaction of the subgrade on the 
flexible strip did not suffer any failure by reason of the traffic that 
was put upon it? 

Dr. Turnsu.u. That is right. At the completion of the test, there 
was no distress below the asphaltic concrete pavement. 

Mr. Courtney. So, then, what we are talking about in terms of 
failure, is the 5 inches of overlay ? 

General Witson. Yes, sir. 

Mr. Courtney. Of asphalt which rutted or which did something 
else? 








2314 AIRSTRIP PAVING MATERIALS 


Dr. Turnsutt. That is correct. 

Mr. Courtney. That was put in on existing—the mix was deter- 
mined on existing design criteria for that 5 inches; is that correct? 

Dr. Turneutu. Yes, sir. 

Mr. Courrnry. And there may well, then, have been a difference of 
opinion as to whether or not the mix should have been different in the 
5 inches on top ¢ 

Dr. Turnsvuty. That is right. 

General Wizson. I am 

Mr. Courtney. Is that right ? 

General Wutson. I am not too sure there was a great deal of opinion 
on Saturday. ‘There was a lot on Monday. 

Mr. Courtney. Well, whatever differences of opinion. 

Dr. Turnsuty. I am speaking as of that time. 

Mr. Courtney. All right. 

Dr. Turnsputu. There was no difference of opinion voiced to us. 
We all were of the same opinion that the asphaltic concrete would do 
the job. 

Mr. Courrnry. Whatever we are talking about in terms of the Kelly 
test failures or whatever inferences you were to draw from them, are 
related solely to the question of the mix of the 5-inch overlay ‘ 

Dr. Turnputu. Yes, sir. 

General Witson. Yes, sir. 

Mr. Courtney. Is that right? Otherwise the test was a satisfactory 

test for what you were designing it for, no matter whether you put 
30,000 or 15,000 loadings, is that right ? 

Dr. Turnsutyt. That is right. 

Mr. Courtney. Are we to understand that for the record? 

General Wison. Yes, sir. 

Mr. Bares. I am not so sure I understand the answer to my question, 
Mr. Chairman, as to why the Army engineers did not consult with the 
industry. You contacted them. That doesn’t mean you asked their 
opinion. 

Dr. Turnsuii. In our capacity at the Waterways Experiment 
Station, those questions are often referred to the Office, Chief of 
Engineers. However, in this case, we had informal contact with 
the Asphalt Institute. To my knowledge that contact did not bring 
forth any comments about the Kelly test, that is that the asphalt 
content was too much, or otherwise. 

Subsequent to the failure of the test section at Kelly, of the as- 
phaltic concrete, the Asphalt Institute was invited officially by the 
Office, Chief of Engineers, to participate in all further testing and 
design of high quality mixes for these very heavy wheel loads. 

Mr. Bares. That was after the fact. For the Kelly tests, they were 
observers; is that correct ? 

Dr. Turnsutu. I would say that was correct. 

General Wizson. Mr. Bates, may [ say we have a good many tests 
running in various places. I believe the institute and others in the 
industry will indicate that we have always welcomed any suggestions 
they have made and we have kept them informed of what we are 
going to do. 

Mr. Bares. Well, of course that is the purport of my question, 
General. 
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General Wiison. Right. 
Mr. Bares. I just want to be assured that the Army engineers is 
not closing the door on the industries when they have some sub- 
stantial recommendations to make. 

General Witson. That is correct. 

Mr. Bares. As I recall the testimony, they contacted someone in 
the engineers who ignored their recommendations. 

General Wirson. Well, I would like to clarify that a little bit, too, 
sir. Two things. 

oka hy — question of whether we notified the Air Force of the 
offer to pay—we did not. The amount of money involved in re- 
placing thi is surface layer in this small test section is around $1,000. 
We had ample money to do it ourselves. 

The amount of money involved in trafficking runs up closer than 
30—I am not certain of the exact figure, but up around $30,000. We 
had that available. We did officially ask the Air Force for au- 
thority to go ahead and put in another surface and they told us that 
wasn’t necessary. 

I would like to amplify it. When I say “officially,” I mean infor- 
mally. Members of the staff of the Chief of Engineers discussed with 
the staff of the USAF and were told not to spend any more money 
on that particular test. 

Now, to go to the other point. We have gotten suggestions from 
the Asphalt Institute. They are being tested. Tests have been com- 
plet ted on some of them. 

The Monday morning quarterbacking on the Kelly test, that said 
“Tt is obvious what was wrong here is what you should do”—I think 
there were four particular designs that they furnished that are being 
tested, and I believe that 3 of the 4 have failed under much less than 
30,000 coverages. 

Now, Dr. Turnbull can give you more accurate information on 
that. 

Mr. Bares. Now, I am not sure to whom they made these recom- 
mendations. 

General Wirtson. To the—— 

Mr. Bares. Before the Kelly test. 

General Wizson. They didn’t make them before the Kelly test. 

Mr. Bares. As IT understand they contacted someone there who 
practically ignored them. 

Dr. Turnsuti. May I, Mr. Bates, try to answer that question? I 
don’t believe you could say the recommendations made by Mr. Griffith 
were before the test. On the 17th of April 1956—now, this is Mr. 
Griffith of the Asphalt Institute—called to the Waterway Experiment 
Station protesting the use of this additive in the asphaltic concrete 
mixture. And we were well aware of course that the Asphalt Insti- 
tute, as the testimony has shown, does not favor the use of additives. 

However, we did have reasons. Now, that was too late, in that on 
the morning of the 17th paving commenced at Kelly and prior to that 
the additive had already been added to the asphaltic mixture. 

Now, on the 26th of May Mr. Griffith ealiad stating that the sta- 
bility values of the asphaltic concrete which we were using—that is, 
their prepared laboratory mixes—were low. 
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Now, there was considerable discussion between our Vicksburg 
laboratory and Mr. Griffith concerning the possibilities and reasons 
for these low stabilities. 

And we, in our own opinion, feel that there was some differential 
between their laboratory procedure and ours, in that their laboratory 
specimens were a little bit less dense than ours—about 3 pounds per 
cubic foot on the average. 

However, this call on the 26th of May was also after the fact. 

But I do repeat that even as of the 2d of February Mr. Griffith 
visited us at the station and the Kelly test was dise ussed and no com- 
ments made that we were using the wrong procedures. 

Mr. Bares. Did he know what procedure you were going to use? 

Dr. Turnsputt. At that time we had only tentative design. We did 
not finalize our design—as a matter of fact the design was not com- 
pletely finalized until we moved out of the Kelly area and the contrac- 
tor had all of his ea together and his gravel material stock- 
piled. At that time the final plant mix design was made. 

Mr. Bates. It would be pretty difficult for an outsider to know ahead 
of time, if you didn’t know yourself, what mixture you were going to 
use, until that late date. 

Dr. Turnseutt. We knew generally what it would be, premised on 
our laboratory design. But that, Mr. Bates, is the normal procedure 
on any asphaltic concrete. The final design is effected when the con- 
tractor assembles his plant equipment and actually produces his stock- 
piles of material. 

Mr. Bares. I don’t believe we should criticize somebody on the 
outside for not giving suggestions. 

Dr. TurnsBuu. We are not. 

Mr. Barres. When they didn’t know 

Dr. Turnsutit. We are not, sir. 

Mr. Bares. When they didn’t know what you were doing, or say 
they come in so late. 

General Wiison. No, sir, we are not criticizing them. I am trying 
to make the point, however, that Monday morning it would be obvious 
to our people as well as the others what the fault had been and we 
did ask them or permit them to give us certain designs to be tested, 
and we have tested those, and they have also failed. 

Mr. Bates. You have done that since that time? 

General Witson. Yes, sir. 

I would also like to point out that we have tested some designs with 
additive as opposed to those without additive and the additive has 
done as well—the one with the additive has held up as well as the one 
without the additive. So I don’t want you to get the wrong impres- 
sion from some of the testimony that has been given. 

Mr. Bares. I won’t belabor the point. The only reason I bring it 
up is that in the future, if there hasn’t been cooperation in the past, 
I hope we will have that cooperation in the future. 

General Witson. We can assure you we intend to, because it is 
cheaper for us to get advice from them for free than to go out and 
pay for it. 

Mr. Bares. Or waste all your time up here. 

Mr. Hépert. Thank you again, very much, General. I admit we 
are Monday morning quarterbacking, but we have our eyes on next 
Saturday’s game. 
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General Wixson. Yes, sir. There were other points raised 

Mr. Héserr. Yes, General, we want the record to be complete. 

Mr. Courtney. Go ahead, General. 

General Witson. I believe we have a design, as was stated in my 
opening statement, and repeated under questioning for asphaltic or 
flexible pavement, for the B-47 now. If that is a question of issue. 
[ don’t believe it is a question of issue because I think we should be 
designing and building for the 52. 

I am confident that we can build interior portion of the runway out 
of asphaltic concrete today, if that is desired. And Iam pretty certain 
that the Air Force is aware of our position on that matter. 

So this business of having the Air Forces wait until we come to them 
with a certified copy of a design and say, “This will hold up under 
the worst loads and therefore we can’t use it anyplace else”—I don’t 
feel that we should remain silent on that. 

My own reaction would be—in playing safe—to increase the ends 
of the runways to maybe 1,500 feet of rigid on each end and that then 
you would be safe to produce the interior out of asphaltic concrete, 
if that would actually prove to be cheaper. 

As I pointed out the other day, if there is only a limited amount 
of one type of material to be used, it may not be cheaper to use it, 
because you bring in different equipment. 

Mr. Courrney. That would be a matter of bidding, wouldn’t it, 
General ? 

General Wiison. It would be a matter of bidding if we asked for 
alternates. 

Mr. Courtney. Yes. 

General Witson. Or if our experience in that vicinity and on other 
jobs would indicate it wasn’t worth putting everyone to that extra 
expense. We might not ask for it in that event. 

Mr. Héserr. Mr. Ferry, what reply do you have to that observa- 
tion that the general made? 

Mr. Ferry. I do not know upon what test judgment General Wil- 
son bases his view that the interior portions of the runway could 
safely be made of asphaltic concrete. 

So I hesitate to comment as to the reasons behind it. 

All I say: The Air Force is not yet convinced from any evidence 
that has been presented to us that the interior portions or the central 
portions of runways made of flexible pavement can withstand the 
channelized traffic resulting from the rolling of heavy B-52’s for an 
extended period of time. Iam not yet convinced of that. 

Mr. Bates. Well, how would you become convinced of that, Mr. 
Ferry? The asphalt industry says it can be done. The general 
here in charge of the engineers, in that capacity, says it can be done, 
if you only desire it. 

Mr. Ferry. I would like to see some evidence presented in the form 
of an accelerated test to substantiate that opinion, sir. 

Mr. Hesert. Let’s have the test 

Mr. Ferry. Ww ith the greatest of pleasure. 

Mr. Héserr. Well,all right. Will you have such a test? 

Mr. Ferry. I will have such a test, sir, as soon as General Wilson 


and his people come up with what they say is a design that will stand 
this requirement. 
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Mr. Héserr. General Wilson, will you come up with that design ? 

General Wirson. We have that design, sir. 

Mr. Hérerr. Will you give it to the Air Force? 

General Witson. Yes,sir. But may I comment on that, sir? 

Mr. Héserr. How long have you had it, General? 

General Wirson. In our opinion, for the central portion of the run- 
way, we have had it a long time. Because, as has been testified here, 
the airplane is partially airborne by the time it reaches the end of 
some point. 

Now I concur with the Air Force entirely, in that I want to be cer- 
tain on that point. It was originally 500 feet. It has been extended 
to 1,000 feet. 

It is my understanding that certain—not tests, but examinations or 
investigations = what has been happening would indicate that 1,000 
feet is still safe, but the load is still pretty heavy out pretty close to 
that. So, to play safe, I would rather move it longer. 

Mr. Courtney. That is on takeoff. 

General Witson. On takeoff. On landing, you don’t have the load. 
So, one of the elements of channelized traffic is materially reduced on 
a plane that is landing, in that it is no longer a heavily loaded plane 
as opposed to one taking off. 

However, to conduct a test on the center portion of a runway under 
conditions of an airplane being partially airborne is going to be a 
rather extremely difficult test, Mr. Chairman. We would have to dis- 
cuss that with the Air Force. I am not too certain that we can devise 
a test, with their best judgment and ours, that would actually prove 
anything. Because we couldn’t simulate that, I don’t believe. You 
can, on the place you are testing the heaviest load. It could be calcu- 
lated, I suppose, what weight there would remain as a result of the 
thing being partially airborne, and, if they will agree with us on what 
that is, I think we will find that previous tests have already demon- 
strated the carrying capacity for that weight. 

Mr. Hésert. And that would bring into a competitive area the rigid 
against the flexible. 

General Witson. Merely in that one section. 

Mr. Hésert. That is all right. But that still would save money, 
wouldn’t it? 

General Wirson. In some instances, in many instances, but not in 
all instances, I don’t believe. 

Mr. Hésert. Even if as much as a penny is saved, it will be saved 
without affecting the safety factor. 

General Wiison. Yes, sir. 

Mr. Héeert. Well, I am glad to formally introduce you, General, 
to Mr. Ferry. I want to introduce you not on a personal basis, but 
introducing you to the engineer’s concept here. The committee will 
be interested to know what will become of this particular feature. 

General Wirison. Mr. Chairman, that will not apply to taxiways, 
because on the taxiway on either end of the runway you can have 
and do have the fully loaded plane. 

Mr. Heésert. We understand that. 

General Witson. But, as we indicated the other day on the testi- 
mony, it is conceivable that a fairly narrow rigid strip, or fairly 
narrow strengthened strip—at the moment we agree with them it 
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should be rigid—would be capable of doing it, with the remaining 
widths in the flexible pavement. 

Mr. Héserr. General, the committee will formally ask you to 
discuss this with the Air Force formally and report back to us 
formally. 

General Witson. All right, sir. 

Mr. Hésert. How long do you think it would take you to have 
these formal discussions, so we will know what we are talking about? 

General Wizson. Well, tomorrow happens to be a holiday, sir. 

Mr. Hinerr. We don’t expect that much speed. 

General Witson. No, sir. I imagine we could give you a reason- 
able answer in about 2 weeks. Will you agree with that? 

Mr. Ferry. I think so. 

Mr. Hésert. We will give you 3 weeks. 

General Witson. All right, sir. 

Mr. H&ésert. We will say August 1 we would like a report on that 
conference. 

General Wiison. All right, sir. 

Mr. Hésert. The committee would like a report on that conference. 

General Wirson. All right, sir. 

Mr. Hésert. Thank you very much, General. 

The committee will stand in recess subject to call of the Chair. 

(The following letter was received by the chairman:) 


THE ASSOCIATED GENERAL CONTRACTORS OF AMERICA, INC. 
Washington 4, D. C., May 15, 1957. 
Subject: Hearings relating to airstrip-paving criteria to be held by subcom- 
mittee for special investigations. 
Hon. F. Epwarp HE&BERT, 
Chairman, Subcommittee for Special Investigations, Committee on Armed 
Services, House of Representatives, Washington 25, D.C. 

My Dear CONGRESSMAN HEpert: Thank you for the invitation extended this 
association in your letter of May 6, 1957, to participate in hearings scheduled by 
the subcommittee relating to airfield-paving criteria. 

We have taken steps to notify our membership of these hearings, and you 
will no doubt be receiving inquiries and requests for information from indi- 
vidual contractors or local groups who desire to participate. 

This association does not feel that it has any information which would con- 
tribute materially to the studies being made by the subcommittee, and for this 
reason we respectfully decline the invitation to actively participate in the 
hearings at this time. We will be pleased to assist your group in any way 


possible, and would appreciate being informed of the results of the studies being 
made. 


Sincerely yours, 
JAMES D. MARSHALL, 
Executive Director. 
(Whereupon, at 12:08 p. m., the subcommittee adjourned, subject 
to call of Chair.) 


x 
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REPORT 


BOEING AIRPLANE CO.—FORD MOTOR CO. 
SUBCONTRACT 


On March 29, 1957, the General Accounting Office presented to the 
subcommittee its findings and conclusions made after investigation of 
a purchase order subcontract issued by Boeing Airplane Co. to Ford 
Motor Co., Kansas City division. That testimony is printed in full 
as a part of this report. Briefly, the facts presented are these: 

Under Air Force prime contract No. AF33(038)-21407, issued to 
Boeing Airplane Co., purchase orders were issued to the Ford Motor 
Co. for B-47 wing sets and by change order No. 13, dated November 
27, 1951, to Boeing purchase order No. 952359 and change order No. 
12, dated March 27, 1952, to Boeing purchase order No. 952360, the 
subcontracts were transferred from contract No. 21407 to Air Force 
contract AF33(600)-5148. These wing sets were purchased for the 
use of Boeing and for distribution to its coproducers, Douglas Air- 
craft Co. and Lockheed Aircraft Co. 

We are given to understand that a suggestion to subcontracting with 
Ford was made by the Department of the Air Force. 

Purchase order No. 952359 was a price redeterminable contract. It 
had a gross value at the time of issuance of $139,449,807. 

At the time of redetermination, the estimated profit percentage was 
8.9 percent. On an estimated cost of $60,389,367, a profit of $5,348,754 
had acerued to Ford Motor Co.; and for the balance of the contract 
on estimated costs of $67,009,674, a profit of $6,702,012 (10 percent) 
was expected. 

Against a selling price of $139,449,807, actual costs amounted to 
$117,712,407 and generated an overall profit on the entire transaction 
of $21,880,504 or 18.6 percent, double the initial projected percentage. 

The purchase order contract provided for a retroactive and prospec- 
tive price determination upon delivery of a minimum of 40 percent 
and a maximum of 70 percent of these wing sets. 

But the contract also provided that the time of redetermination 
could be changed by mutual agreement. Accordingly, on April 1, 
1952, before any wing sets were delivered, the price redetermination 
time was moved up to the 127th wing set (or 28 percent of completion 
instead of 40 percent) so that Boeing could submit its own figures to 
the Air Force. 

When the 127th wing set had been completed, Ford requested that 
the redetermination point be moved back to the original time or 39 
percent of completion because delivery time had been extended from 
18 to 24 months. 

Ford pointed out that the extension of the delivery schedule from 
8 to 138 months would increase the possibility of variance from the 
forecasted price. 

Exhibit D of November 21, 1953, stated that— 


it was our understanding that consideration would be given to altering the 


end of the first pricing period * * * should there be any significant change in 
the shipping schedule. 
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Ford stated— 


it is our feeling that consideration should be given to reestablishing determina- 
tion at 39 percent on January 31, 1954. 

Boeing declined. It stated that under one of its Air Force con- 
tracts, No. 5148, it was required to submit cost data to the Air Force 
by December 29, 1953, for price negotiations on the B-47 and that 
it was “imperative” that fixed prices with Ford be determined. 

Ford then submitted cost estimates on December 16, 1953, Janu- 
ary 15, 1954, and February 19, 1954, respectively. 

The General Accounting Office expressed the opinion that the rede- 
termination of the Ford subcontract was made before sufficient pro- 
duction experience had been gained. As a result, Ford stood to earn 
28.9 percent profit on 272 sets compared to a profit of 10 percent 
originally projected. 

General Accounting Office observed that there seemed to be no 
necessity for Boeing’s insistence upon moving the point of price 
determination forward from 39 percent of completion to 27 percent 
and that provision could well have been made for further adjust- 
ment. Boeing itself readjusted $2,047,854, indicating that target 
price was considered subject to further revision. Thus, Boeing’s 
contention that it could do nothing about revision of the contract 
appears to be without substance. It had itself accomplished a revi- 
sion downward in the contract. 

The position of the Air Force in this transaction is unusual: 
$5 million of savings scarcely got 5 cents worth of attention from 
higher echelons. 

Maj. George F. Newton was an Air Force contracting officer and 
Air Force representative at Boeing Airplane Co.’s plant in Wichita, 
Kans. He early foresaw that excessive profits would accrue and 
brought the facts to the attention of his superiors and Boeing. 

On three separate occasions, his warnings were dismissed upon the 
grounds that they were “only the opinion of this officer.” Had his 
voice penetrated the barrier between echelons, the knowledge that 
excess profits were in the making, far beyond the amount contemplated 
in forming the original contract, could have been determined early. 

To us the evidence is overwhelming that neither Boeing nor the Air 
Force had any enthusiasm for or interest in reconsidering the pricing 
in this contract and the recoupment of excess profits until the General 
Accounting Office intervened. 

But when the General Accounting Office report with the letters 
exchanged between the parties was published, Boeing protested the 
interpretation which the public had placed upon the facts reported in 
the public press by responsible news services. 

The subcommittee advised Boeing to resolve any alleged differences 
on facts with the General Accounting Office. That was done. A 
“memorandum of understanding” was reached. It is a part of this 
record. Stripped of excess verbiage it was agreed that the General 
Accounting Office had correctly determined both facts and figures. 
An error had occurred in the numbering of the contract. 

An excess profit greater than contemplated by the parties in forming 
this contract was earned. Change in redetermination dates was to 
some extent responsible for possible errors in cost data. But what- 
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ever the cause when the fact that excess profits were about to be earned 
was brought to the attention of Air Force officials by Newton, he was 
ignored by his superiors and Boeing. 

It is regrettable that when so much money and so much trust is 
placed in concerns performing work for the United States that it 
does not generate a more active concern for those who are footing the 
bill. When retrenchment occurs and orders are canceled, these firms 
will be the first firms to cry out over the lack of work and beat their 
breasts over the dangers in defense cutbacks. The squandered dollars 
might well have been insurance against cutbacks. 

As to the facts there is little room for dispute and almost none for 
disagreement. Members of this subcommittee are in complete accord 
with what Boeing complains is the interpretation placed upon its 
conduct. Boeing, the Air Force, and Ford made that record. 

The only clear and steady light in this whole spectacle of ducking 
and dodging was by Major Newton whose warning was dismissed as 
“only an opinion”—an opinion worth more than $5 million at the time 
it was issued. 

If the severity of the judgment of the American public has been 
visited upon these parties we think it earned by their conduct. We 
reach the same conclusions attributed to the American people. 

The appreciation of this subcommittee and of the Congress is due 
the representatives of the General Accounting Office who have pre- 
sented these facts and stimulated the activity which finally recouped 
$5 million. 

We adopt the conclusions and recommendations of the General 
Accounting Office as the recommendations of the subcommittee. 

Approved unanimously by the subcommittee, August 14, 1957; 
ordered printed and published. 





F. Epwarp He&perr, 
Chairman, Subcommittee for Special Investigations. 
Approved August 14, 1957. 


Cart VINson, 
Chairman, Armed Services Committee. 
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FRIDAY, MARCH 29, 1957 


Houses or REPRESENTATIVES, 
CoMMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D.C. 

The subcommittee met at 10 a. m., the Honorable F. Edward Hé- 
bert, chairman of the subcommittee, presiding, with the following 
members present : Mr. Hess, Mr. Gavin, Mr. Cunningham, Mr. Bates, 
Mr. Hardy, Mr. Osmers, and Mr. Miller. 

Mr. Héperr. The committee will come to order. 

Members of the committee, since the recess of yesterday we were 
compelled to change our schedule, as the Recony testimony was to 
have been followed through today, but, because of the number of 
witnesses involved, and with the desire of having a continuity in the 
presentation of that testimony, it was thought best that we interrupt 
that particular phase and extend it over to Monday, and enter at 
this point the present discussion which I will outline now and which 
was catnonaile by the committee previously. 

This is in connection with the Boeing purchase order 952359, con- 
tract AF-33-038-21407, a contract between Boeing Airplane Co. as 
Air Force prime contractor on the above-numbered contract, and the 
Ford Motor Co. 

Now, in its report to the subcommittee in the 84th Congress report- 
ing on this contract, data supplied by Boeing Airplane Co., com- 
mencing at page 1896 and following, contained no reference to this 
Ford Motor Co. contract, although the specific question was asked con- 
cerning subcontracts in excess of $100,000. 

The distinction is apparently made that a purchase order is not 
a subcontract but accomplishes the same thing under another name. 
The item is presumably carried and reported to the subcommittee on 

age 1897 under “Production material and purchased equipment of 
165,520,751.” These elements are computed upon the basis of direct 
costs. 

This contract had an initial selling price of $139,449,807 when it 
was entered into on July 1, 1951. It was for the purchase of 454 wing 
sets of the B-47 airplane. 

The General Accounting Office has made a review and audit of this 
contract, which is designated for distinction but not for difference 
as a purchase order. 

In the course of the operation of the contract, the profit rose from 
an estimated target of 10 to 28.9 percent. The Ford Motor Co. pro- 
tested the method of redetermination, as will more fully appear, and 
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has refunded voluntarily to the Government, without any insistence 
therefor or even interest therein by either the Department of the Air 
Force or Boeing Airplane Co. 

We have before us this morning Mr. Lawrence J. Powers, the Di- 
rector, and Mr. William A. Newman, Jr., the Deputy Director of Gen- 
eral Accounting Office, Division of Defense Accounting and Auditing. 
A written report has been presented to the chairman. 

Correspondence has been conducted by the General Accounting 
Office in relation thereto between contractor and the Department of 
the Air Force, which will be detailed in the course of this presentation. 

Mr. Courtney ? 

Mr. Courrney. Mr. Chairman, in addition to Mr. Powers and Mr. 
Newman who have the prime responsibility in this matter we have 
assistants in that Department, and the regional director—Mr. Ham- 
mond, James A. Hammond, and Mr. L. E. Murphy, who is the regional 
manager for General Accounting Office epvering the Kansas City area. 
Now, Mr. Powers, + will you proceed, please? 

The committee may be advised that the report, to which reference 
was made in the chairman’s statement, is in your hands. 

The figures which appear on the bulletin appear on the first page of 
the report, and are put up there for your convenience. Proceed, sir. 

Mr. Powers. Mr. Chairman and members of the Subcommittee for 
Special Investigations of the Committee on Armed Services, we ap- 
preciate the opportunity to appear before your subcommittee at your 
request to explain our report on Boeing Airplane Co. purchase order 
952359, being a subcontract of Air Force contract 33( (038 )-21407, 
which was forwarded to the Honorable Carl Vinson, chairman, Armed: 
Services Committee, by the Comptroller General of the United States 
on February 8, 1957, in response to your letter of February 7, 1957, 
and referred to your subcommittee. 

We understand your committee is now considering negotiated con- 
tract procurement methods in connection with remedial legislation or 
regulation that is deemed to be desirable. 

We further understand that vour committee has initiated an inquiry 
into subcontracting by the major prime manufacturers supplying the 
military. 

I would like to say to the committee, Mr. Chairman, that the Comp- 
troller General has been deeply concerned in this matter from the 
standpoint of protection of the Government’s interests and efficient and 
economical military operations. Over a year ago the Comptroller 
General directed that our audit of negotiated contracts for defense 
procurement be accelerated as rapidly as possible. 

Mr. Chairman, I would also like to emphasize that the primary 
objective of our audit is to obtain consideration as to the necessity for 
improvements in management controls for defense contract admin- 
istration and contractor operations. 

Our discussion here this morning is concerned with the financial re- 
sults of our review of a negotiated ‘subcontract executed by the Boeing 
Airplane Co., a prime m: anufacturer, and the Ford Motor Co. 

In this case, the prime contract between the Department of the Air 
Force and the Boeing Airplane Co. is a fixed-price, incentive-type con- 
tract which provides - for the adjustment of profit and price based upon 
the relationship which final negotiated total cost bears to negotiated 
target cost. The subcontract executed by the Boeing Airplane Co. 
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with the Ford Motor Co. was a fixed-price type of contract subject to 


redetermination at a P 
Boeing Airplane (¢ 


oint agreeable to both parties. oy 
‘o., Wichita, Kans., awarded to Ford division of 


Ford Motor Co., Kansas City, Mo., purchase order 952359 (contract 
AF 33(038)-21407) dated July 10, 1951, for the production of 454 
wing sets for B—-47 airplanes and purchase order 952360 dated July 9, 
1951, for special tooling. 

Boeing had been designated by Air Materiel Command (AMC) as 
technical primed contractor with responsibility for negotiating prices 
for B-47 wing assemblies supplied by Ford to Boeing Airplane Co., 
Douglas Aircraft Co., Inc., and Lockheed Aircraft Corp. 

The above-mentioned purchase orders were issued by Boeing in 
accordance with AMC’s suggestion that Ford be utilized as a source 
of supply of B-47 wing assemblies to Boeing, Douglas, and Lock- 


heed. 


Qur review was primarily concerned with the financial results of 
purchase order 952359 (contract AF 33(038)-21407) for the 454 


wing sets 


A comparison of the cost and profit realized by Ford 


with that contemplated in price revision negotiations of this pur- 
chase order is shown on the blackboard, Mr. Chairman, and is con- 
tained at the top of page 2 of our report. 
You will note that the selling price and the cost at the redetermina- 
tion point was $139,449,807 and $127,399,041, respectively, with a 
contemplated profit of $12,050 and $12,050,766, which represented a 
profit of 9.4 percent in relation to projected costs. 
The actual experienced cost of Ford Motor was $117,712,407, com- 
pared with the selling price of $139,600,911, and they realized a 
profit of $21,888,504, or a net profit of 18.6 percent of the actual cost. 
This difference was approximately $9,837,738 above the profit con- 
templated at the point at which the contract price was redetermined. 
(The full table is as follows:) 





Established in redetermination: 
Retroactive portion 
Prospective portion 


nn awonenas 
Experienced: 
Retroactive portion 
Prospective portion 
Total. 
Difference 
































1 Increase in selling price due to change orders issued after redetermination. 


Profit 
Selling price | Cost Profit percent- 
| age 
aie Sie 
$65, 738, 121 $60, 389, 367 $5, 348, 754 &¥ 
73, 711, 686 67, 009, 674 6, 702,012 10.0 
-| 139,449,807 | 127,399,041 12, 050, 766 9.4 
=> |= = 
65, 738, 121 60, 389, 367 5, 348, 754 8.9 
73, 862, 790 57, 323, 040 16, 539, 750 28.9 
139, 600, 911 117, 712, 407 21, 888, 504 18.6 
~-1451,104 | 9,686,634} 9,837,738 |.......... 


Mr. Powers. Air Force contracting personnel did not participate 
in the selection of the point at which prices would be redetermined 
for purchase order 952359, nor did they take an active part in re- 


determination negotiations. 


Our review showed that Ford realized 


profits substantially higher than those contemplated in negotiations. 
We believe that this resulted chiefly because redetermination was 
made before sufficient production experience and related costs had 
been obtained and that closer control by AMC over price redeter- 





| 
| 
| 
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mination in this case would have resulted in the establishment of 
a more equitable price. 

Purchase order 952359 between Boeing and Ford provided for a 
simultaneous retroactive and prospective price redetermination at 
delivery of between 40 and 70 percent of the wing sets. 

The agreement also provided that the point for redetermination 
could be changed by mutual agreement between the parties. 

On April 1, 1952, prior to delivery of the first wing set by Ford, 
Boeing and Ford agreed that the price revision point would be de- 
livery of the 127th wing set, which constituted 28 percent of the 
wing sets to be delivered. 

In November 1953, Ford wrote to Boeing, stating: 


In the meeting held at Wichita on April 1, 1952, attended by representatives 
of Boeing and Ford, it was agreed, with regard to the fixing of wing pricing 
periods, that the first pricing period be established at the delivery of the 
127th wing set. However, in reaching this agreement, it was our understanding 
that consideration would be given to altering the end of the first pricing 
period should the total number of wing sets be increased or decreased, or should 
there be any significant change in the shipping schedule. 

The Composite Sequence Shipping Schedule, No. 11-R-8 dated October 8, 1953, 
provides for a reduction in the production rate of wing sets per month and 
thus extends delivery over a considerably longer period of time. This has 
caused us to reanalyze the advisability of retaining the 127th wing set point for 
redetermination, and as discussed with you recently, it is our feeling that con- 
sideration should be given to reestablishing the point of redetermination at 
January 31, 1954. at which time approximately 39 percent of the total wing 
sets on order under the basic purchase order will be delivered, based on the 
current Composite Sequence Shipping Schedule referred to above. 

Our proposal is primarily based on the following two considerations: 

1. The shipping schedule in effect at the time the above agreement was 
reached provided for delivery over an 18-month period. The 127th wing set 
was to be delivered during the 10th month, thereby fixing the duration of the 
second pricing period at 8 months. The current shipping schedule requires 
delivery of the same total of wing sets over a 24-month, rather than an 18-month 
period. This schedule contemplates that delivery of the 127th wing set will be 
completed during the 11th month, but extends the duration of the second pricing 
period, by 5 months, to 13 months. 

The extension of this period, during which a fixed price will apply, will increase 
the possibility of variance from the forecasted cost-price relationship. This 
situation would be somewhat alleviated by redesignating the end of the first 
pricing period at January 31, 1954, as proposed, and thereby reducing the second 
pricing period to 11 months. 

2. This revision would be of mutual benefit, since it would make additional 
cost experience available for consideration in the establishment of equitable re- 
determined prices. 

In view of the above, -we request that the effective point of price redetermina- 
tion be reestablished by mutual agreement at January 31, 1954, when approxi- 
mately 39 percent of the total wing sets on order under Boeing’s purchase order 
952359, Lockheed purchase order J2-00001, and Douglas purchase order 
OMTD-9005 are delivered. 


Boeing declined to extend the effective point of redetermination, 
stating: 


Boeing is obligated, under provisions of its prime contract AF33 (600)-—5148, 
to submit cost data to the Air Force by December 29, 1953, to be used as a 
basis for negotiating prices for B47 airplanes ordered thereunder. Tentatively, 
the time established for our prime price negotiation has been set for early Feb- 
ruary 1954, therefore, it is imperative that we have your statements of cost and 
proposed fixed prices on schedules in accordance with the present agreement. 


This communication from Boeing back to Ford, is contained as ap- 
pendix C to our report. 
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To meet its commitment to the Air Force, Boeing requested Ford 
to furnish preliminary cost estimates, which Ford submitted on De- 
cember 16, 1953. In compliance with the terms of the Boeing-Ford 
agreement, which provided for redetermination of prices after de- 
livery of the 127th wing set, Ford submitted on January 15, 1954, its 
price redetermination statement of costs and proposed prices. 

In negotiations concluded on February 19, 1954, Boeing and AMC 
agreed upon a revised target price for Boeing’s prime contract with 
the Government for B-47 airplanes. The price was based in part on 
the redetermination cost estimates submitted by Ford to Boeing on 
January 15, 1954. 

In price redetermination negotiations completed on March 20, 1954, 
for purchase order 952359, Ford and Boeing agreed upon a firm price 
for the entire 454 wing sets. The negotiations, at which Air Force 
contracting officials were present as observers only, were based on 
Ford’s statement of costs and proposed prices submitted January 15, 
1954, which reflected experience through November 1953, when the 
127th wing set was delivered. 

After the price of the Ford-Boeing subcontract had been redeter- 
mined, Boeing informed AMC on April 29, 1954, that on the basis of 
more complete cost information Boeing had negotiated a price for 
wing assemblies which was $2,047,854 less than that contained in the 
negotiated target price of Boeing’ prime contract. Accordingly, 
Boeing recommended to AMC that its incentive target price be reduced 
by $2,047,854. 

We believe that redetermination of Ford’s subcontract price was 
made before sufficient production experience had been gaitied by Ford 
to enable the parties to estimate future cost trends with reasonable 
accuracy and therefore the redetermined price was higher than 
warranted. 

As a result, as shown on the blackboard, Mr. Chairman, Ford real- 
ized a profit of 28.9 percent based on incurred costs on the forward 
portion of the contract (327 wing sets) compared to a profit of 10 
percent agreed upon in negotiations. 

No provision was made in the redetermination settlement with Ford 
for further adjustment of contract prices should results show that the 
redetermined price was not reasonable, even though the contracting 
parties were not in agreement as to the most opportune point for 
establishment of a forward price. 

In response to our inquiry submitted to the contractor through the 
Contracting Officer’s representative, Boeing Airplane Co. informed 
us that it never expected to negotiate a redetermined price with Ford 
prior to setting a revised target price for its prime contract but that— 

* * * it was considered essential to time the negotiation with Ford so that data 
in support of the pending subcontract negotiation could be used as a basis for 
30eing’s prime contract negotiation. 

The position of Boeing on this matter is attached to our report as 
appendix B. 

While it is normally essential that subcontract prices be fixed prior 
to negotiation of final prices of prime contracts, there seems to have 
been no necessity for Boeing’s insistence on obtaining from Ford 
the latter’s price redetermination cost proposal for negotiation of a 
revised target price for Boeing’s prime contract with AMC, 


| 
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A revised target could have been set from the preliminary cost 
estimates previously furnished by Ford to Boeing. In establishing 
this target price, provision could have been made for adjustment for 
differences between the preliminary cost estimates furnished by Ford 
and the price subsequently negotiated for the Ford subcontract work. 
In fact, Boeing’s latter request to the Air Force for downward adjust- 
ment of its revised target price to reflect the $2,047,854 difference 
between Ford’s pr oposed subcontract price, and the actual price nego- 
tiated by Boeing with Ford indicates that the revised target price was 
considered by Boeing as subject to revision even after it was estab- 
lished. Thus Boeing” s above-stated contention does not appear to be 
a sound basis for insisting on use of cost data and a pricing proposal 
which had been indicated by Ford as premature and would possibly 
result in greater price variances. 

In its letter to us, Boeing also took the position that, when Ford 
requested an extension of the price redetermination date— 

* * * it was considered by Boeing to be another attempt on the part of Ford to 
extend the experience period, thereby allowing more cost to be recorded prior 
to the negotiation date, which would reduce the risk area in the prospective 
pricing period. 

According to Boeing, such an extension— 


* * * would have been contrary to the true concept of the Department of 
Defense Title II-B price redetermination subcontract. 

We feel that, when sufficient cost experience has not been obtained 
to enable a reasonably accurate estimate of production costs, there 
should be an adjustment in the redetermination point, as suggested by 
Ford, particularly when the contract provides for only one price rede- 
termination, as in this case. 

We believe that Ford’s cost experience at the redetermination point 
was not adequate for establishing reasonable contract prices and that 
redetermination based on later experience would have been equitable to 
the Government. 

Further, we believe that the substantial additional profit realized by 
the subcontractor in this case clearly demonstrates the need for more 
effective control by the Air Force over negotiating points and prices 
negotiated between prime contractors and major subcontractors. 

Our findings and observations, which have been explained to the 
committee, were submitted to the Air Materiel Command for com- 
ment, and a detailed reply was received. Their reply, dated July 17, 
1956, is attached to our report, as appendix F. 

The substance of AMC’s comments was that Ford realized profits 
in excess of those contemplated because of faulty cost projections and 
weaknesses in negotiations and because of outstanding efficiency by 
Ford during the latter stages of production. AMC took the position 
that repricing of Ford’s subcontract by Boeing was not premature, as 
sufficient information was available for est: ablishing firm fixed prices, 
but that the negotiators failed to make optimum use of the available 
data. According to the AMC, Ford’s cost projections as regards costs 
of materials and subcontract items and labor were unrealistically high 
and the negotiators failed to recognize this fact. 
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We were informed by AMC that Ford had made a written commit- 


ment to refund $5 million of profit realized on this subcontract. AMC 
expressed the opinion that— 


This refund will not only make up for the apparent error in negotiations but will 
also provide an Air Force sharing in the economies due entirely to Ford efficiency. 

The explanations furnished by AMC for the large additional profit 
realized by Ford confirm our belief in the need for closer supervision 
by the Department of the Air Force of repricings of major subcon- 
tracts. The cited errors in cost projections submitted by the subcon- 
tractor and the weakness in negotiations appear to be deficiencies which 
should have been recognized and corrected in negotiations. 

We do not suggest that the Air Force assume prime contractors’ 
responsibilities for conducting repricing negotiations, but, since the 
Air Force does have a direct interest in the pricing of major subcon- 
tracts, such as Ford’s $139,500,000 subcontract with Boeing, we be- 
lieve that the Air Force should assure itself that the prime contractor 
fully protects the interests of the Government. Therefore, we have 
recommended that the Air Force more closely control price rede- 
terminations between prime contractors and major subcontractors. 

There is a second major point included in our report resulting 
from our audit that deals with the participation by the Government 
in voluntary price reductions by subcontractors. 

We believe that significant voluntary price reductions given by 
subcontractors to prime contractors holding prive redetermination 
contracts should be passed on to the Government. Operations under 
purchase order 952359 furnish, Mr. Chairman, an illustration of the 
need for clarification of the obligation of the contractor to the Gov- 
ernment with respect to such price reductions. 

In this case, Ford received more than $100,000 in the form of a 
voluntary price reduction made by a second-tier subcontractor. In 
May 1954, National Presto Industries, a subcontractor of Ford, in- 
formed Ford that they were reducing the price of flap tracks from 
$650.85 a unit to $615.50. 

National Presto Industries made this voluntary reduction based 
on a survey which indicated that they would be able to supply the 


subject items at a lower cost to Ford for the immediate foreseeable 
future. They stated: 


It is our policy and desire to supply our Government with material needed 
for defense at the lowest possible price, consistent with quality production. 

Ford acknowledged their appreciation of the reduction in cost and 
stated in a letter to National Presto Industries, dated June 24, 1954— 


It is our responsibility to obtain the ultimate value for each Air Force dollar 
spent, . 

At the time of our review, Ford had not offered to make any adjust- 
ment in the price of its subcontract with Boeing. We were unable 
to find any provision in Ford’s contract with Boeing stipulating that 
adjustments in lower tier subcontract prices would also require ad- 
justment of Ford’s contract. price. 


In answer to our inquiry regarding this price reduction, Boeing 
stated : 


Since the subcontract between Ford and Boeing is a fixed-price type, it would 
appear inequitable to insist on a clause providing that Boeing and the Govern- 
ment would participate in any voluntary price reductions from Ford’s lower 
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tier subcontracts in the absence of provisions for Boeing and the Government 
to similarly participate in cost overruns of this or any other element of cost 
which might be experienced by Ford. 

This argument overlooks the fact that when Ford’s major lower 
tier subcontracts were made, the subcontract between Ford and Boeing 
contained provisions for price redetermination, and thus Ford was 
not under any severe compulsion to negotiate close prices with its 
subcontractors. In any event, it seems reasonable that significant 
voluntary reductions in lower-tier subcontract prices should ulti- 
mately be recognized by adjustments in the prices under prime 
contracts. 

In reply to our inquiry, the Ford Motor Co. indicated in a letter 
dated April 11, 1956, which is attached as appendix E to our report, 
that the voluntary price adjustment received from National Presto 
Industries had not yet been passed on to the Government. 

However, the contractor pointed out that a proposed refund under 
consideration by Ford is based on the company’s total cost experience 
under the B-47 program at Kansas City, including price adjust- 
ments by National Presto and other suppliers. 

As previously mentioned, AMC has informed us that Ford has 
made a written commitment to refund $5 million. Therefore, in this 
instance, it appears that the Government will receive the benefit 
of the price reduction by National Presto. 

However, dependence on voluntary refunds by the prime contractor 
as the means of effective equitable adjustments for voluntary price 
reductions received from subcontractors after a firm price is fixed 
for a redeterminable type supply does not, in our opinion, adequately 
protect the interests of the Government. 

AMC rejected our suggestion that price redeterminable contracts 
and subcontracts might provide for participation by the Government 
in cost reductions resulting from significant voluntary price adjust- 
ments made by subcontractors. It was stated that such a provision, 
unless it also permitted sharing of cost increases, would be entirely 
unacceptable to contractors. 

- Their position is included in appendix F of our report. 

The fact that in this case, both Ford and one of its subcontractors 
voluntarily offered refunds, because of reductions of costs below those 
contemplated, raises a question as to the validity of AMC’s opinion 
as to the acceptability of such a form of contract. We believe that 
consideration should be given to means whereby the Government may 
be given the contractual right to share with prime contractors the 
savings which result from substantial voluntary price decreases 
offered by subcontractors after redetermined contract prices have been 
negotiated. 

(The appendixes are as follows :) 


APPENDIX A 


TENTATIVE FINDINGS RELATING TO GENERAL ACCOUNTING OFFICE REVIEW OF 
PurRCHASE OrpDERS 952359 ann 952360 BeTWEEN BOEING AIRPLANE Co. AND Forp 
Moror Co., KANSAS CiTy REGIONAL OFFICE, OcToBER 19, 1955 


i. Purchase order 952359 issued by the Boeing Airplane Co. to Ford Motor 


Co. provided for a simultaneous retroactive and prospective redetermination 
of price when deliveries of 40 percent, but not more than 70 percent of the wing 
sets had been made. The purchase agreement also provided that the point of 
redetermination could be changed by mutual agreement. On April 1, 1952, 
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Boeing and Ford agreed that the redetermination point would be established 
at delivery of the 127th wing set, at which time a firm fixed price would be 
established for the reinaining 327 wing sets. 

The 127th wing set was completed in November 1953. Ford Moter Co. imme- 
diately requested the effective point of price redetermination be reestablished 
by mutual agreement as of January 31, 1954,, when approximately 39 percent 
of the total wing sets would be completed. This extension was requested by 
Ford because of material alterations in the shipping schedules between April 
1952 and November 1953, and because it would make additional cost experience 
available for consideration in establishing equitable redetermined prices. 

Boeing declined to extend the effective point of redetermination, stating they 
were obligated to submit cost data to the Air Poree by December 31, 19538, and 
start negotiations on the redetermination of their prime contract on February 
1, 1954. ‘ 

Subsequent events indicate Boeing could have and did negotiate with AMC 
prior to finalizing cost with Ford, using estimated figures furnished by Ford 
and voluntarily reducing their price to AMC after arriving at a fixed price 
with Ford. It is also noted that no subsequent redetermination was provided 
for even though there was not complete agreement between the contracting 
parties as to the most opportune point of price fixing. 

It would appear that premature price redetermination and the absence of any 
provision for, or consideration to, subsequent redetermination, was the principal 
factor contributing to the Ford Motor Co. realizing profit, based on incurred 
costs, on the forward pricing of 327 wing sets, considerably in excess of that 
anticipated at the time of initial redetermination. 

2. Boeing and Ford were unable to negotiate a fixed price on purchase order 
952359 for the second pricing period (327 wing sets) prior to the time Boeing 
was obligated to negotiate a target price on their prime contract for incentive 
bonus with AMC. Boeing, however, submitted to, and was allowed by AMC, 
a target price for incentive bonus of $14,354,000 ($276,038 per wing set) to cover 
the cost of wing sets to be furnished by Ford. This price was based on estimates 
supplied by Ford. We noted that in September 1953 Boeing advised AMC 
that Ford should be able to produce B—47 wing sets at a cost of $199,000 plus 
10 percent profit for a selling price of $218,900, and final prospective unit price 
finalizing between Boeing and Ford was $225,418. 

Boeing in negotiating with AMC apparently provided a 26 percent markup 
based on their estimated cost $218,900, to cover contingencies in their estimates. 

3. Durable tools were not retained by the Air Force under purchase order 
952359. In the negotiation of costs for the first 127 wing sets there was an amount 
of $881,699 to cover the original complement of durable tools. Our review dis- 
closed durable tools consisted of such items as: 


Items Unit cost 
RD I I ais i cciscncesitereinini ee di nigiliic Siaaria ete et allt ee ieee ee $646. 15 
Revolving, ine. ...2.et se ie ee ARES TE Se 68. 50 
Hydraulic jacks____—- sass: ah cnet nid ene cline maaan la ice a 287. 00 
TV ONIG BIE icnt..ko cece dniehsniemetianiein Eis ia en ecivenpaiatoicd Ee aught ie iptar inci 
DRE) COIN: VR asin ance, tale acne tite ART winds a Sn coir renege dhe a 192. 00 


Any repairs or replacements to their original complement would be proper 
charges to the supply contract. Thus, at contract completion, there would be 
a complete complement of serviceable durable tools. 

A review of the minutes covering the price negotiations shows the contracting 
officer reviewed the list and stated thev could qualify as facility items. (Ford 
had a separate cost reimbursable facilities contract.) However, with the con- 
tracting officer’s approval, Boeing allowed these durable tool costs as a cost of 
the supply contract without addition of profit. It was agreed that, in lieu of 
profit, Ford would receive any residual value on disposal of these tools. 

It should be noted that if the tools had been properly charged to the facilities 
contract, no profit factor would have been involved because the facilities con- 
tract was cost reimbursable and title to these tools would have rested in the 
Government at the time of acquisition. 

It would appear that these items of durable tools were improperly charged to 
the supply contract and that appropriate action should be taken to assure that 
title of these tools revert to the Government. 

4. Purchase order 952359 contained no provision for the Government benefit- 
ing from downward voluntary cost revisions made by subcontractors. We ob- 
served one instance, in our review at the Ford Motor Co., where the National 

90676—37——-3 
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Presto Industries on May 15, 1954, reduced the unit cost of flap tracks from 
$650.95 to $615.50 under a covering letter stating: 

“It is our policy and desire to supply our Government with material needed 
for defense at the lowest possible price. consistent with quality production.” 

The Ford Motor Co. acknowledged their appreciation of the reduction in cost, 
and stated in a letter dated June 24, 1954: 

“Tt is our responsibility to obtain the ultimate value for each Air Force dollar 
spent °°.” 

It-was observed that this voluntary reduction in cost of flap tracks resulted 
in increased profits exceeding $100,000; however, the benefits in this instance 
accrued to Ford rather than to the Air Force or Government. 

It would appear to be reasonable to provide in fixed-price type contracts 
provisions wherein the Government would participate in voluntary reductions 
of costs made by subcontractors. 

5. The Boeing Airplane Co. entered into a fixed-price tooling contract (pur- 
chase order 952360) on July 9, 1951, with Ford Motor Co. for the procurement of 
special tooling required for the production of B-47 wing sets being procured 
under Boeing purchase order 952359. 

Boeing was operating in the target area of 1 fixed-price contract, or effectively 
a eost-reimbursable contract, and, consequently, the price negotiated with Ford 
would have no financial effect on Boeing. 

Article IB of the purchase order provided that as soon as the seller shall 
have “final firm prices from its vendors” or shall have incurred costs from fabri- 
eating and installing tools in 45 percent of the above-estimated prices, he shall 
submit to the buyer the proposed fixed price for the tooling covered by the order. 

A fixed price will thereupon be established within 45 days or longer if agreed 
upon by negotiation. Ford Motor Co. subcontracted 73 percent of their con- 
tract on time and material or cost-plus-a-fixed-fee contracts and, consequently, 
would not have had “final firm prices from its vendors” until at least 73 percent 
of the contract had been completed. 

At the date of final negotiation for a fixed price 9S percent of the final costs 
on the contract had been incurred or committed. However, Boeing negotiated a 
profit with Ford of 9 percent of incurred and estimated-to-complete costs. The 
negotiated profit figure allowed on incurred costs appeared to be high, inas- 
much as 75 percent of the total incurred costs resuited from subcontracting by 
Ford, and also due to the fact that cost of administering and coordinating pro- 
duction of subeontractors was charged to the supply contract. 

The above provision in the contract and the manner in which the contract was 
executed, in its effectiveness, appears to have created a cost-plus-a-percentage- 
of-cost contract. 


APPENDIX B 
From: Air Force plant representative, Boeing Airplane Co. 


OKLAHOMA City AIR MATERIEL AREA, 
GOVERNMENT AIRCRAFT PLANT No. 13, 
Wichita, Kans., November 10, 1955. 

Subject: Review of Boeing purchase orders Nos. 952359 and 952360 issued by 
the Boeing Airplane Co. to Ford Motor Co., Kansas City, Mo., on the B-47 
wing procurement. 

To: Government Accounting Office, Kansas City Regional Audit Office, Atten- 
tion Mr. Forrest R. Browne, Regional Audit Manager, Room 2512, Federal 
Office Building, Kansas City, Mo. 

1. Reference your letter dated October 19, 1955, the above subject. Copies 
were transmitted to Boeing, and attached herewith are the comments of the 
Boeing Airplane Co., letter 9100-0-364, dated November 3, 1955, above subject. 

2. As you were previously advised by the undersigned at various times during 
the past year, the subject matter has been coordinated with Headquarters, AMC; 
likewise, the contractor’s comments were discussed at AMC November 7 through 
9, 1955. 

3. During the above discussion it was learned that AMC was negotiating 
with Ford relative to a voluntary refund by Ford on the subject purchase orders, 
and that a substantial refund by Ford to Boeing would be made in the very 
near future. This refund will not be subject to incentive participation by 
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Boeing, as agreed to in the final price redetermination negotiations under con- 
tract AF 33(600)-5158 in November 1955 at AMC. You will be advised when 
the above refund is made to Boeing. 
GerorGcE E. NEWTON, 
United States Air Force Contracting Officer. 


Boerne AIRPLANE Co., 
Wichita, Kans., November 3, 1955. 
To: General Accounting Office, Kansas City Regional Audit Office, Kansas 
City, Mo. 
Attention : Forrest R. Browne, regional audit manager. 
Through: AF plant representative (OCRWC). 
Subject: Review of Boeing purchase orders Nos. 952359 and 952360 issued by 
Boeing to Ford Motor Co. 
Reference: (a) GAO letter, Forrest R. Browne to George T. Newton, dated 
October 19, 1955, same subject; (0) OCRWC letter to Boeing, dated October 
20, 1955, same subject. 
1. Following are contractor's comments concerning the tentative findings of 
the General Accounting Office relating to their recent review of purchase orders 
Nos. 952359 and 952360 issued by Boeing Airplane Co. to Ford Motor Co. Each 


of the following comments is related to the specific paragraph of the GAO 
tentative findings. 
” 


2. Paragraph 1, subparagraph 3. At the time Ford’s letter of November 21, 
1953, requesting an extension of the price redetermination date was received, 
which in itself references earlier discussions on this subject, it was considered 
by Boeing to be another attempt on the part of Ford to extend the experience 
period, thereby allowing more cost to be recorded prior to the negotiation date, 
which would reduce the risk area in the prospective pricing period. The dynamic 
nature of airplane manufacturing is such that reasons for changes in price-revi- 
sion dates can almost always be found if a subcontractor desires to request a 
change. Such a delay, however, would have been contrary to the true concept of 
the Department of Defense type IIB price-redetermination subcontract. Regard- 
ing this type of contracting, Department of Defense directives suggest that price 
redetermination be accomplished at a point approximating 25 percent of the deliv- 
eries. It has been Boeing-Wichita’s consistent policy to establish price-rede- 
termination points varying from 20 to 33 percent of scheduled deliveries. It is 
to be noted that the point of price redetermination agreed to and established with 
Ford, unit 127 represented 28 percent of the deliveries. Had an extension been 
granted Ford, as they requested, over 60 percent of the total units would have 
been delivered and substantially all costs would have been either recorded or 
known at the time of negotiation. That situation would not have been consid- 
ered consistent with the purpose of the price-redetermination-type subcontract. 

3. Paragraph 1, subparagraph 4. The establishment of the date for the incen- 
tive target-price negotiation of the Boeing prime contract was made with the 
full knowledge that the price-redetermination negotiations with Ford would not 
be completed in time for the negotiated price to be available. Notwithstanding, 
it was considered essential to time the negotiation with Ford so that data in 
support of the pending subcontract negotiation could be used as a basis for 
Boeing’s prime-contract negotiation. Boeing did use the pricing data submitted 
by Ford for the Boeing price-revision activity, later voluntarily revising the 
prime-contract price to reflect the negotiations with Ford. 

4. Paragraph 1, subparagraph 5. Price-redetermination negotiations with 
Ford were conduted at a time when deliveries were 42 percent complete. It 
is Boeing’s position that should a price-revision activity with a subcontractor 
oceur at a time when the percentage of completion is substantially higher than 
42 percent, the result would be equivalent to after-the-fact price redetermination. 
Likewise, a subsequent redetermination, based on a quantity of additional units, 
would have resulted in a second redetermination at a time when essentially all 
costs of the remaining 327 units would have been known. After-the-fact price 
redetermination of a type II-B subcontract is not permissible under Department 
of Defense prime contracts. 

5. Paragraph 2. It was never intended that the negotiated price with Ford 
would be available prior to the time Boeing was obligated to negotiate its prime 
contract. The amount used by Boeing for its prime contract negotiation was 


the exact amount of Ford's fixed price proposal for price redetermination pur- 
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poses. The $199,000 cost figure mentioned by GAO which, with profit, com- 
puted into an estimated selling price of $218,900, was an exercise prepared by 
Boeing, in which Boeing attempted to estimate the optimum price that could be 
expected at Ford. This figure was developed only for use in a letter to AMC 
which requested that Boeing be allowed to produce wings being subcontracted 
to Ford and which pointed out the estimated cost savings to the Government 
if such permission was granted. 

The optimum price for Ford was employed to avoid any possibility of over- 
stating the savings that would accrue from this change. The number ovre- 
pared for this exercise were purely for the purpose of this specific request and 
were never intended as a basis for contract negotiation. The Air Force subse- 
quently determined to maintain its subcontracting broad base and continued 
with the Ford operation in keeping with this philosophy. Any comparison of 
the aforementioned exercise with the amount negotiated with Ford is entirely 
irrelevant, and the assumption concerning the 26 percent markup is, therefore. 
obviously unfounded. Further, as previously mentioned, Boeing voluntarily 
revised the prime contract price, both cost and profit, downward to reflect the 
exact price finally negotiated with Ford. This substantiates the fact that 
Boeing was attempting to include in its prime contract price only the amount 
that Boeing would have to pay Ford. 

6. Paragraph 3. Ford stated that a portion of the items classified as “durable 
tools” had been submitted by Ford to their contracting officer with a requesi 
that they be purchased under Ford’s facility contract. Ford further stated that 
the contracting officer had refused this action under that contract. Since the 
remaining items under question were of a similar nature, Ford proceeded to 
charge them to the supply contract under the assumption that a precedent had 
been established, and that since the items had been refused under the facility 
contract, their cost would be allowable under the supply contract. During the 
interim, however, a different contracting officer was assigned to the Ford 
facility. Based on his examination of the list of items in question at the time 
of the price redetermination negotiations, the contracting officer stated that he 
would have approved a majority of the items on the facility contract if they had 
been submitted to him. In an effort to arrive at an equitable settlement, he 
suggested that the cost in question be allowed on the supply contract wtihout 
profit. Ford objected strenuously to this proposal on the basis that since the 
items in question were not recognized by the Air Force as facilities that they 
must be supply contract items and, as such, subject to profit allowance. Boeing 
insisted on withholding the profit as a penalty to Ford for not having submitted 
all of the items to the contracting officer for procurement as facilities. The Air 
Force representation at the negotiations was amenable to this action, and Ford 
finally agreed to the Boeing proposal in the interest of negotiation. It is ques- 
tionable that substantial value would accrue to the Government merely by acqui- 
sition of title to these items. 

7. Paragraph 4. Since the subcontract between Ford and Boeing is a fixed 
price type, it would appear inequitable to insist on a clause providing that Boeing 
and the Government would particpate in any voluntary price reductions from 
Ford’s lower-tier subcontractors in the absence of provisions for Boeing and 
the Government to similarly participate in cost overruns in this Or any other 
element of cost which might be experienced by Ford. 

8. Paragraph 5. Ford’s original fixed price proposal, dated October 19, 1952, 
was based on costs incurred through August 31, 1952. Recorded costs were 
stated to be $6,978,000, as compared with estimated costs at completion of 
$19,100,000, or 36.5 percent complete. During the course of the audit of Ford’s 
submitted cost statement, the Air Force resident auditor at Ford’s facility at 
Kansas City requested the cognizant Army Audit Agency in Dearborn, Mich., 
to perform an audit of the costs incurred at the subcontractor’s Dearborn tool 
and die division. The Air Force Audit report of Kansas City costs was received 
by the contractor on December 30, 1952, and the Army Audit Agency report of 
costs incurred at Dearborn was received April 2, 1953. In the interim the sub- 
contractor submitted a revised statement of cost and proposed fixed price based 
on costs incurred throngh February 28, 1953, which reflected a change in pur- 
chase order requirements from a lot of tools capable of producing 1,500 B-47 wing 
sets at a maximum rate of 66 sets a month, to a lot of tools capable of producing 
1.500 B-47 wing sets at a maximum rate of 50 sets a month. Although the 
revised proposal reflected incurred costs representing 91.4 percent of total esti- 
mated costs at completion, this high percentage of completion was, to a consider- 
able extent, the result of the reduced tooling work statement which was incor- 
porated in the revised proposal. 
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lrofit was allowed in the negotiated fixed price at 9 percent of total incurred 
costs, less intracompany billings. No profit was allowed on intracompany billings 
since it was determined that profit was included in the billings from the first 
division to the second. On the remaining negotiated costs, Boeing proposed that 
6 percent of cost would represent a reasonable profit allowance, considering the 
reduced risk resulting from the high percentage of completion at the time of 
the negotiation, April 22, 1953. Ford had requested 10 percent of cost as a profit 
allowance. Giving consideration to the following points, Boeing and Ford agreed 
to 9 percent of cost, exclusive of the intracompany items: 

(a) A substantial portion of reductions offered by Ford subsequent to the 
original price proposal, and prior to the negotiation, was attained through im- 
proved efficiency of tool planning, tool fabrication, and outside tool procurement, 
These reductions were accomplished by Ford in full knowledge that profit would 
be computed on negotiated costs. The resultant dollar amount of profit was, 
therefore, much less than originally anticipated by Ford at the inception of the 
program. 

(b) Any attempt to minimize profit further at the negotiation would be a 
penalty resulting from a lapse of time required to obtain Air Force audits and 
which was no fault of Ford. (The records also show that this was no fault 
of Boeing’s since repeated requests were made through the local Air Force 
resident auditor’s office to expedite completion of the reports.) The point being 
that, in good faith, Ford submitted a proposed fixed price on October 19, 1952, and 
that as a result of delays in accomplishing the audits the price negotiations were 
unduly delayed. 

BorrnG AIRPLANE Co., WicHiITA DIvISsIon, 
Cari E. DILion, 
Divisional Director of Finance. 


APPENDIX C 
Boerne AIRPLANE Co., 
Wichita, Kans., December 1, 1958. 

Subject : Price Redetermination. 

Reference: Ford letter, Holden to Henricks, dated November 21, 1953. 

Forp Drvyiston or Forp Motor Co. 

Kansas Crry AtRCRAFT PLANT, 

Kansas City, Mo. 


(Attention: Mr. T. H. Holden, Executive Assistant, Kansas City Aircraft 
Plant.) 


GENTLEMEN: The reference letter requests a change in the point established 
for price redetermination of the B-47 wing program. Due consideration has been 
given to the proposal, however, based on contractual requirements under Boeing’s 
prime contract, it is mandatory that the provisions for price redetermination as 
presently provided for be complied with, i. e., that your statements of cost and 
proposed fixed prices for the quantities subject to this redetermination be sub- 
mitted within 45 days after completion and delivery of the 127th article. 

soeing is obligated, under provisions of its prime contract AF33 (600) 5148, 
to submit cost data to the Air Force by December 29, 1953, to be used as a basis 
for negotiating prices for B-47 airplanes ordered thereunder. Tentatively, the 
time established for our prime price negotiation has been set for early February 
1954, therefore, it is imperative that we have your statements of cost and pro- 
posed fixed prices on schedules in accordance with the present agreement. 

We are of the opinion that sufficient cost experience will have been recorded at 
the time the 127th article is delivered to serve as a basis for projecting equitable 
prices that will be acceptable ti both Boeing and Ford. 

Very truly yours, 


30EING AIRPLANE Co., WicHiTa DIvIsIon, 
}»)URWoop HENRIcKS, 
Buyer Supervisor, Outside Production. 
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APPENDIX D 


NOVEMBER 21, 1953. 
Boerne AIRPLANE Co., 


WicHITA DIVISION, 
Wichita, Kans. 


(Attention: Mr. Durwood L. Henricks, supervisor, outside production. } 


GENTLEMEN: This letter acknowledges receipt of yours of November 18 con- 
cerning overtime approval for the Ford Motor Co., October 24, 1953, through 
January 31, 1954. 

Reference is also made in this letter to discussions concerning the revision of 
the point at which redetermination of wing prices will take place. We appre- 
ciate your position but wish to submit the following for your further con- 
sideration. 

In the meeting held at Wichita on April 1, 1952, attended by representatives 
of Boeing and Ford, it was agreed, with regard to the fixing of wing pricing 
periods, that the first pricing period be established at the delivery of the 127th 
wing set. However, in reaching this agreement, it was our understanding that 
consideration would be given to altering the end of the first pricing period should 
the total number of wing sets be increased or decreased, or should there be any 
significant change in the shipping schedule. 

The composite sequence shipping schedule, No. 11—R-8, dated October 8, 1953, 
provides for a reduction in the production rate of wing sets per month and thus 
extends delivery over a considerably longer period of time. This has caused us 
to reanalyze the advisability of retaining the 127th wing set point for redeter- 
mination, and as discussed with you recently, it is our feeling that consideration 
should be given to reestablishing the point of redetermination at January 31, 
1954, at which time approximately 39 percent of the total wing sets on order 
under the basic purchase order will be delivered, based on the current composite 
sequence shipping schedule referred to above. 

Our proposal is primarily based on the following two considerations: 

1. The shipping schedule in effect at the time the above agreement was reached 
provided for delivery over an 18-month period. The 127th wing set was to be 
delivered during the 10th month, thereby fixing the duration of the second- 
pricing period at 8 months. The current shipping schedule requires delivery of 
the same total of wing sets over a 24-month, rather than an 18-month period. 
This schedule contemplates that delivery of the 127th wing set will be completed 
during the 11th month, but extends the duration of the second pricing period, by 
5 months, to 13 months. 

The extension of this period, during which a fixed price will apply, will increase 
the possibility of variance from the forecasted cost-price relationship. This 
situation would be somewhat alleviated by redesignating the end of the first 
pricing period at January 31, 1954, as proposed, and thereby reducing the second- 
pricing period to 11 months. 

2. This revision would be of mutual benefit, since it would make additional cost 
experience available for consideration in the establishment of equitable re- 
determined prices. 

In view of the above, we request that the effective point of price redetermina- 
tion be reestablished by mutual agreement at January 31, 1954, when approxi- 
mately 39 percent of the total wing sets on order under Boeing’s purchase order 
952359, Lockheed purchase order J2—00001, and Douglas Purchase order OMID- 
9005 are delivered. 

We hope that full consideration will be given to this request. We will be 
pleased to discuss it with you at your earliest convenience. 

Yours truly, 


THoMAS H. Horpen. 
Executive Assistant, Kansas City Aircraft Plant. 
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APPPENDIx E 


Forp DIvIsIon or Forp Moror Co., 
KANSAS City AIRCRAFT PLANT, 
Kansas City, Mo., April 11, 1956. 


Subject: B-47 wing program; Boeing purchase orders 952359 and 952360. 


Mr. Forrest R. BROWNE, 
Regional Audit Manager, United States General Accounting Office, 
Regional Audit Office, Federal Office Building, Kansas City, Mo. 

Dear Sir: In response to your letter of March 30, we wish to advise that the 
proposed refund under consideration by the Ford Motor Co. is based upon our 
total cost experience under the B-47 program at Kansas City, and, hence, includes 
any voluntary adjustments from suppliers including that received from National 
Presto Industries. 

We appreciate the opportunity to review your tentative findings, and while 
we believe the factual statements made therein are generally accurate, we cannot 
concur in certain of your conclusions drawn therefrom. While your suggestions 
concerning durable tooling have considerable merit, we believe a stronger justi- 
fication can be mede for continuing contractor ownership of such tooling under 
fixed-price contractual relationship. 

We trust that the time involved in the preparation of our reply to your com- 
munication has not delayed you in the submission of the final report of your 
investigations of our activities here at Kansas City. 

Very truly yours, 
M. R. SCHERMERHORN, Jr., Controller. 


APPENDIX F 


OFFICE OF THE COMMANDER, 
HEADQUARTERS, ATR MATERIEL COMMAND, 
Wright-Patterson Air Force Base, Ohio, July 17, 1956. 


UNITED STATES GENERAL ACCOUNTING OFFICE, 
Washington, D.C. 
(Attention Mr. Ben H. Puckett, Assistant Director.) 


DEAR Mr. Puckett: We acknowledge receipt of your letter of June 13, enclosing 
a preliminary draft of a report on certain aspects of operations of Ford Motor 
Co., Kansas City, Mo., subcontractor under Department of the Air Force prime 
contract with Boeing Airplane Co., Wichita, Kans. You requested an expression 
of our views on the draft of this report. 

The report deals with three aspects of the administration of the Boeing sub- 
eontract with Ford: (a) The high rate of profit realized by Ford on the runout 
portion of the contract subsequent to price redetermination; (b) the retention 
of title by Ford to durable tools for which Ford had been reimbursed under the 
supply contract; and (c) nonparticipation by the Government in voluntary price 
reductions by subcontractors. Comments of this command are as follows: 


PROFIT REALIZED BY FORD SUBSEQUENT TO PRICE REDE TERMINATION 


The GAO invites attention to a profit rate of 28.9 percent realized by Ford 
in the prospective portion of the repriced contract, as compared with the profit 
rate of 10 percent contemplated in the redetermination, and suggests that “Ford 
realized profits substantially higher than those contemplated in negotiation 
chiefly because redetermination was made before sufficient production experi- 
ence and related costs had been obtained.” 

It is the policy of the Air Force, and of the Department of Defense, to nego- 
tiate prospective prices, and to establish firm, fixed prices at the earliest prac- 
ticable date. Firm, prospective prices do not of themselves create profits. The 


contractor can realize profit only to the extent that he holds costs below the 
established price. 
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The redetermination of the Ford subcontract was conducted in March of 1954, 
at which time 190 wing sets (42 percent of total of 454 then on schedule) had 
been completed. Cost statements were submitted covering production experience 
through completion of the 127th set (28 percent of toal on schedule). Review 
of the report of negotiation does not indicate any failure to give consideration 
to all the available data, nor does it disclose any suggestion on the part of the 
negotiators that the available information was insufficient for establishing firm, 
fixed prices. While they did not participate in the negotiations, nor did they 
assume the responsibility of the prime contractor for accomplishing redeter- 
mination, Air Force representatives were present as observers and did participate 
as advisers to Boeing during the negotiations. 

An independent inquiry conducted by Headquarters AMC in October of 1955 
resulted in conclusions as follows : 

(1) The timing of the repricing negotiations was not premature, but was 
conducted at the earliest practicable date in accordance with Air Force and 
Department of Defense policy. 

(2) Cost projections by Ford, especially with respect to cost of materials 
and subcontract items, were not realistic. It is recognized that Ford was pur- 
suing a continuing program of cost reductions in acquisition of materials. Under 
normal lead-time practice, however, the commitments for purchased items would 
have been substantially completed at the time of contract repricing, and cost 
reductions should have been sufficiently firm to be reflected in forecasts of cost 
of completion of the contract. 

(3) Negotiators, in evaluating projections of labor costs, did not give adequate 
recognition to the downward trend of total labor hours required per wing set. 
The cumulative learner’s curve of 80 percent used in negotiation (amounting 
to an SS percent curve on the prospective portion) is not ordinarily considered 
f proper curve application from an unusually high starting point or from a por- 
tion of a project which has been showing a level curve. Application of an 80 
percent curve to the wing sets to be produced subsequent to the time of repricing 
would show an average of 12,500 hours per set which would have been more 
appropriate than the 15,760 hours negotiated. 

(4) The cost savings effected by Ford in the prospective portion of the 
contract period were substantially greater than reasonably could have been 
anticipated even had there been (a) full recognition of savings which then 
could have been anticipated, based on firm purchase commitments: and (b) 
projection of labor hours from the 190th set on an acceptable S80 percent learner's 
eurve. It must he recognized that Ford, in attaining approximately a 60 per- 
cent curve from the 190th set, performed an outstanding job in relation to normal 
expectations. 

While we must reeognize, in an after-the-fact analysis, that the negotiations 
did not reflect the optimum use of all the pertinent data then available, it does 
not follow that the negotiations were conducted prematurely, or that the Air 
Force should have assumed the prime contractor's responsibility in conducting 
the negotiations. 

There is no accurate measure of the extent to which the profit realized by Ford 
ean be attributed to the incentive resulting from the early firming of contract 
prices, but this incentive factor must be recognized, and the results achieved add 
support to the Air Force procurement policy of maximum use of the incentive 
approach in selection of type of contract, establishing pricing formulas, and 
administration of special pricing articles. The Air Force has benefited from 
the economies effected by Ford through lower prices on follow-on production of 
wing sets. In addition, Ford had made written commitment to refund to the 
Air Force, through the prime contractors, $5 million of profit realized under 
purchase order 952359. In our opinion this refund will not only make up for 
the apparent error in negotiation but will also provide an Air Force sharing 
in the economies due entirely to Ford efficiency. 


RETENTION OF TITLE TO DURABLE TOOLS BY FORD 


We concur with vour recommendation that procurement contracts which in- 
clude reimbursement to contractors for special tooling provide that title to tools 
so acquired vests in the Government or that contract prices reflect credit to 
the Government for the residual value of such tools. This is consistent with the 
policy directives of section XIII of ASPR and of AFPI. 

It appears that Boeing, in this instance, used a procedure not necessarily 
contradictory to Air Force policy. Prior to the negotiation, the Boeing nego- 
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tiators obtained from Air Force personnel an estimate of the probable residual 
value of the durable tools. They were informed that the only residual value 
would be scrap value or something less than 10 percent of cost. It was further 
stated that a large pcrtion of this return would be consumed in listing, adver- 
tising and dispesiug ‘he inventory. In subsequent negotiations, Boeing was 
successful in Legotiating a price without profit except that the title to the 
durable tools would remain in Ford. In our opinion, in view of the nominal 
residual value involved, this appears to have been a satisfactory deal. 


NONPARTICIPATION BY THE GOVERNMENT IN VOLUNTARY PRICE REDUCTIONS BY 
SUBCONTRACTORS 


It is agreed that it would be very desirable, from the Government’s standpoint, 
to participate in all price reductions, and in all cost savings. In cost reimburse- 
ment type contracts that is accomplished. Of course, in that type of contracting, 
the Government must also bear the burden of increases in cost. Fixed-price 
contracts contemplate the risk to the contractor of fluctuations in costs. A re- 
quirement that the contractor pass on to the Government any savings, but bear 


any increases in cost, would make such form of contract entirely unacceptable 
to the contractor. 


We appreciate this opportunity of expressing our views on the draft of the 
GAO report. 


Sincerely yours, 
E. W. RAWLINGS, 
General, USAF, Commander. 

Mr. Powers. In summary, Mr. Chairman, our review disclosed 
that Air Force supervision in this case was too limited considering 
the $139 million involved in the subcontract. We believe that under 
large subcontracts the prime contractor’s negotiations should be closely 
supervised, particularly where the contractor does not have a financial 
incentive to negotiate the lowest possible price and, even more impor- 
tant, when he stands to benefit from a higher price, as in this case. 

We have suggested to the Air Force that instructions or regulations 
be established to require special measures and safeguards over the pric- 
ing of the larger subcontracts. 

We have also suggested that the Air Force reconsider the advisa- 
bility of insisting that a price be finalized where there is insufficient 
cost data. It seems apparent that this practice results in the supplier 
including in his bid very substantial allowances for contingencies, 
probably without identification. 

The circumstances in this case indicate that either (1) the Air Force 
was unaware of the subcontractor’s concern about the reliability of the 
cost data; or (2) it did not recognize the importance of this matter 
and thus did not insist on delaying the redetermination or providing 
for subsequent adjustment in the subcontract price and prime target. 
Failure to utilize one of these safeguards seems to constitute an unnec- 
essary risk of Government funds with greater prospect of loss than 
gain 

We would be glad, Mr. Chairman, to answer any questions that the 
committee may have concerning our review and to explain our report. 

Mr. Hérerr. Let me make this comment on behalf of the committee, 
to thank you for the very comprehensive statement which you have 
made, and to say that you do echo the feelings of this committee, I 
am sure, in the summary which you have presented. 

And also to thank you and your associates in the General Accounting 
Office, which of course is the arm of the Congress, for its cooperation 
in this particular field of negotiation. 

As you undoubtedly know, this committee last year, or 2 years ago 
rather, held a long conference with representatives of the General 

90676—57——-4 
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Accounting Office in an effort to establish a more cohesive cooperation 
between the General Accounting Office and this committee, which is 
interested in the same area of procurement for the Government. 

And it is my belief—and I am sure it is the belief of the committee— 
that this type of presentation and this type of cooperation is what we 
need to accomplish the goal which is our objective—economy in Gov- 
ernment. 


And I feel that this case is just merely one of many which we will 
be able to uncover as this hearing progresses. 

Mr. Courtney. 

Mr. Courrney. Mr. Chairman, so that we may bring the matter 
right down to focus, the General Accounting Office brought the subject 
matter of this report to the Department of the Air Force by letter of 
transmittal. I think it might be pertinent to your consideration today 
to have the response which was made. 

You will find a carbon copy of the letter on your desk, dated 
January 18, 1957, to Mr. William A. Newman, Deputy Director, De- 
fense Accounting and Auditing Division, GAO, signed by Max Golden, 


Deputy Director for Procurement and Production, Department of the 
Air Force. 


Mr. Newman, would you like to discuss that—or Mr. Powers? 
Mr. Newman. This letter is from the Department of Air Force, 


signed by Mr. Max Golden, Deputy for Procurement and Production, 
and is dated January 18, 1957: 


The letter of July 17, 1956, of Gen. E. W. Rawlings, Commander, Air Materiel 
Command, reflects, in general, the Air Force views on your report, in respect to 
(a) the high rate of profit realized by Ford on the runout portion of the contract 
subsequent to price redetermination, (b) the retention of title by Ford to durable 
tools for which Ford had been reimbursed under its supply contract, and (c) 
nonparticipation by the Government in voluntary price reductions by subcon- 
tractors. 

With respect to the high rate of profit realized by Ford, admittedly the prime 
contractor’s price negotiations with the subcontractor left much to be desired, as 
explained in General Rawlings’ letter of July 17. However, a refund has been 
obtained from Ford in the amount of $5 million in connection with purchase 
order 952359, which compensates in great part for the apparent error in nego- 
tiations and, in addition, accords to the Air Force a share in the economies result- 
ing from Ford’s efficient operations. While we do not believe that Ford’s ap- 
proach to negotiation in this case represents a pattern with respect to its pricing 
practices, our procuring people have been alerted to the high rate of profit 
realized by Ford in this case in order to avoid a recurren“e. 

With respect to the statement in your report that redetermination of the 
subcontract price was premature from the standpoint of production experience, 
the Department of Defense policy is that firm fived prices should be established 
at the earliest practicable date. This is also Air Force policy and practice and 
is inherent in the fixed-price method of contracting. It is also consistent with 
the past views of your office on a related problem, early definitization of letter 
contracts, that we must avoid pricing after-the-fact, or after the major portion 
of the contract has been completed. 

In the past the Air Force has recognized a need for supervision over the 
pricing and repricing of major subcontracts. In fact, it has been alleged from 
time to time by industry that the Air Force, in contrast to other Government 
agencies, overcontrols its prime contractors in connection with such subcon- 
tracts. The problem is one of striking the proper balance between insuring 
by appropriate supervision by the Air Force that proper subcontract pricing is 
being accomplished by the prime, but avoiding at the same time interference 
with the prime’s managerial abilities and prerogatives in performing the con- 
tract, for which we have hired him and are paying him a profit. We believe 
we have made much progress in this area in the past few years. 
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Mr. Newman. The next paragraph in the reply from the Air Force 
deals with durable tools. Mr. Powers hasn’t read it but is in our 
report as the second recommendation. 

r. Hess. Wouldn’t it be well, Mr. Chairman, to have the complete 
letter read in at this point? 

Mr. Courtney. Mr. Hess, the General Accounting Office has pre- 
sented its views with res to title and durable tools. It does not 
deal with the question of redetermination and renegotiation of con- 
tracts, and therefore, it was not detailed in Mr. Powers’ presentation. 

So, the next paragraph in the letter deals with that subject, which 
has not heretofore been touched on. The letter in whole will be placed 
in the record. 

Mr. Courtney. It deals only with durable tools and doesn’t deal witn 


the subject under inquiry. It would be more of the same, I might 
add. 


(The portion of the letter not read is as follows :) 


With respect to the treatment of durable tools under purchase order 952359, we 
would agree, as did AMC, with the statement made in your report, that the 
Government should receive the full benefit of tools purchased with Government 
funds and that procurement contracts should also provide that title to tools so 
acquired vests in the Government of that the contract prices reflect credit to the 
Government for the residual value of such tooling. 

AMC’s explanation is that the residual value of the tooling was considered in 
the arrangement made with Ford and that the factors of no-profit acquisition 
of the tooling and the elimination of the cost of disposition offset any such 
residual value. 

We are informed that the property in question falls in the main within the 
category of special tooling. Settlements of this type depend entirely on the facts 
of the particular case including the nature of the tooling to be acquired, the 
prospective use, and the ultimate cost of disposition. We question the desir- 
ability, as a matter of policy, of prescribing inflexible rules in such matters, 
particularly in the subeontract area. In the final analysis, such settlements are 
part of the negotiation process and we must rely on the competence of the 
personnel representing the Government in the negotiation. We doubt that the 
answer is to be found in any particular formula or procedure. 


Mr. Hésert. All right, Mr. Newman. 
Mr. NewMan (reading) : 


The reasons for nonparticipation in voluntary refunds by subcontractors on a 
contractual basis are set forth in Genera! Rawlings’ letter. We believe any 
attempt to participate in such voluntary refunds as a matter of contract right 
would be countered by contractor insistence that the Air Force also participate 
in unanticipated cost increases. It is felt that the best way to cope with this 
problem is through effective contract pricing, vigilant administration, and the 
proper selection of types of contracts, rather than through a contractual procedure 
which may compromise the basic concept of fixed-price contracting. 

We believe, therefore, that the solution to the matters discussed in your report 
is to be found in the improvement of contract procedures, pricing, and admin- 
istration, including surveillance of major subcontracting. We share your con- 
cern that the need for improvement in procedures should be a matter of primary 
consideration. This is a continuing program in the Air Force. Subsequent to 
the subcontract repricing of Boeing Purchase Order 952359, the Air Materiel 
Command issued Air Materiel Command Manual 70-3, Manual for Analysis of 
Contract Procurement (copy inclosed), for the guidance of Air Force personnel 
in evaluating the procurement practices of Air Force contractors, and for main- 
taining surveillance over Air Force contractors’ purchasing operations. This 
manual supplements Air Force Procurement Instructions (Sec. LIV: Contract 
Administration, Pt. 2), revised as of October 19, 1956, a copy of which is attached. 
In addition, and in order to effectively apply the procedures affecting major 
subcontracting by Air Force contractors, Air Materiel Command has instituted 
a program to intensify training of personnel through the medium of schools, 
training films, seminars, and conferences supplemented by on-the-job training. 
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We feel that your report has been most helpful in pointing up those areas which 
require most careful attention and review to insure effective contract pricing 
and administration. 

We appreciate this opportunity of expressing our views on the GAO report. 

Sincerely, 
Max GOLDEN, 
Deputy for Procurement and Production. 

Mr. Courrney. Mr. Chairman, the conclusions which were read by 
Mr. Powers appear in the letter of February 8, 1957. 

Mr. Powers. That is correct. 

Mr. Courrney. Which has been quoted in full. I would like to ask 
one question as a matter of accounting, Mr. Powers, or Mr. Newman 
or any of your gentlemen that would care to answer it. 

Do you have any information as to why a question in respect to 
subcontracts in connection with the B-52 contract in question would 
not identify a purchase order of this kind, amounting to $139 million ? 

As accountants, could you—would you expect to find it on a report 
of the cost of producing the B-52 under this contract ¢ 

Mr. Powers. I believe you mean the B-47? 

Mr. Courtney. The B-47,I am sorry. Yes. 

Mr. Powers. It would seem to us in the absence of any other factors 
that may have been present that this transaction should have been 
identified for the committee in answering its specific request. 

Mr. Courtney. Well, do you find any distinction in law or in fact 
between the subcontract and the purchase order of this character ? 

Mr. Powers. No, sir. 

Mr. Newman. We make no distinction. 

Mr. Courtney. Mr. Chairman, I would like to call attention to the 
subcommittee that in reporting—and remember in this case the sub- 
committee accepted the statements that were made as voluntary and 
true—that in reporting on this particular contract, of which this 
$139 million purchase order was a part, the subcontracts over $100,000 
are presumably itemized on page 1899. There is no mention of the 
Ford Motor Co., or $139 million. 

Mr. Hess. This is Boeing’s questionnaire? 

Mr. Courtney. Yes, sir. 

Mr. Powers. Mr. Courtney, could I interrupt there for clarifica- 
tion ? 

Mr. Courtney. Yes, sir. 

Mr. Powers. Boeing in this transaction was performing as a tech- 
nical prime contractor for the delivery of the 454-wing assemblies 
that were sent to Boeing, Douglas, and Lockheed. 

Now, under its own contract Boeing obtained from Ford only 57 
of the wing sets. Douglas received 172 of the wing sets. And Lock- 
heed received 225. Boeing, therefore, would be required to pay 
Ford—— 

Mr. Courrney. For 57? 

Mr. Powers. For 57, instead of the total 454. 

Mr. Courtney. Which would amount to more than $100,000, would 
it not ¢ 

Mr. Powers. That would approximate $15 million. 

Mr. Hess. Let me ask you, Mr. Courtney: Have Douglas and Lock- 
heed—they were the other two? Have they in their questionnaires 
reported this subcontract with Ford ? 

Mr. Courrney. They report on the Boeing subcontract ? 
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Mr. Hess. Do I understand there was a subcontract from Boeing 
to Douglas and Lockheed ? 

Mr. Powers. No, sir. 

Mr. Hess. Or are they all three prime contractors ? 

Mr. Powers. They are all three primes, sir. 

Mr. Hess. Then, the subcontracts of all three were with Ford? 

Mr. Powers. That is right, sir. 

Mr. Hess. That is what I was asking you, Mr. Courtney—if Doug- 
las and Lockheed have reported in their questionnaire the subcon- 
tracts they had with Ford. 

Mr. Courtney. The specific question, if you remember, was asked 
with respect to $100,000 contracts and in excess thereof. This con- 
tract had to be, so far as Boeing was concerned, in excess of $15 mil- 
lion, on the statements that have been made here this morning and 
the admissions that have been made in the correspondence. 

The only place that that item can appear in the report that was 
made to this subcommittee, in March of 1956, and publicly reported, 
was under production, material and purchased equipment, which is 
an item of $165,520,751, on the B-47 contract, by name, number, page, 
and date. 

Mr. Bares. What is the answer to your question ? 

Mr. Hess. Now, the other companies, Douglas and Lockheed Cos., 
were they directly responsible to the subcontractor for payment ? 

Mr. Courtney. Boeing was the purchasing agent for them, as Mr. 
Powers explained. 

Mr. Powers. It is our understanding, Mr. Chairman, that the re- 
lationship between Douglas and Lockheed and Ford was, that while 
Boeing retained technical responsibility over the $139 million transac- 
tion, the financial relationships of these two other aircraft companies 
with Ford was a direct one, and that they paid Ford directly for that 
portion of the wing sets delivered to their respective companies. 

Mr. Hésert. On the basis of the figure arrived at by Boeing? 

Mr. Powers. Boeing, yes, sir. In other words, the other two com- 
panies were bound to pay the same price that was negotiated by Boe- 
ing as a technical prime contractor. 

Mr. Hess. I understand that: They were to pay the same price 
as Boeing was paying. 

Mr. Powers. Right, sir. 

Mr. Hess. All three paying the same price. 

Mr. Powers. Right, sir. 

Mr. Hess. But what I am trying to find out here, now—here we 
are complaining because Boeing did not return this information in 
their questionnaire ¢ 

Mr. Courtney. That is correct. 

Mr. Hess. Now, did Douglas and Lockheed return it in their ques- 
tionnaire? 

Mr. Courtney. In other words, if this committee wanted to find this 
contract from Boeing’s report to us, after having asked the question 
with respect to subcontracts, it could not find it. 

Mr. Hess. All right. 

Could it find it with Lockheed or Douglas? 

Mr. Fogo. Mr. Hess, may I interrupt there? 

We did not know about these other two companies prior to this 
testimony. 
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Mr. Hess. Oh, I see. 

Mr. Foco. So we have had no opportunity to check the record on 
whether they are in there. We did check the record on Boeing prior 
to coming into the hearing. 

Mr. Hess. All right. I think we better check the record to see 
whether Douglas and Lockheed are in the same position. 

Mr. Foco. Yes, sir, we would have to check the record to give an 
answer to the question you raised. 

Mr. Courtney. Up to this point, we are not able to find it, but we 
definitely were not able to find it in the Boeing case. 

Mr. Hésertr. But we are interested in discussing the matter to 
this conclusion, to capsule it up, that Boeing showed no interest in 
recovering this $5 million from Ford, nor did the Air Force show any 
interest in recovering the $5 million from Ford, which could volun- 
tarily—not voluntarily, but insisted upon giving back to the Govern- 
ment the $5 million, which of course was taxpayers’ money-—Govern- 
ment money. 

Is that. a correct conclusion ? 

(Mr. Powers confers. ) 

Mr. Powers. We found no evidence, Mr. Chairman, that Air Force 
or Boeing had endeavored to obtain the refund from Ford. The only 
evidence we had or obtained from the Air Force (see appendixes FE 
and F) was that Ford had given them a written commitment to 
refund the $5 million. 

Mr. Héserr. And then Ford, in turn, for its insistence upon return- 
ing to the Government this $5 million excess profit. the Air Force 
then alerted its inspectors to look out for future violations whereby 
more money could be returned from Ford ? 

Mr. Powers. That is right, sir. 

Mr. Héserr. That is in effect. So Ford comes in and says, “Gov- 
ernment, here is $5 million. I want to give it to you, or we want to be 
fair with you, and so does the other company.” 

And the Air Force turns around and says “We will take the money 
now that you are insisting on giving to us, but we are going to tell our 
inspectors, ‘Be careful you might be doing it again, because you are 
too good.” 

That is in effect what happened ? 

Mr. Newman. Pretty much. 

Mr. Hess. Plus the further point, Mr. Chairman, they made no 
further effort to recover $4,800,000 in addition which was overpay- 
ment, but says “Well, Ford has been very kind, they have given us $5 
million back, we have gotten a portion of it back, we will make no effort 
to go after the rest.” 

ine representation for the taxpayers. 

Mr. Hésert. And commenting on the letter from the Department, 
I must say it is another example of superb gobbledegook and guff and 
a lot of words, and I just wonder how many man-hours they have 
taken up to write these kinds of things, a lot of pretty words, that 
“We are going to issue new instructions but the practice will con- 
tinue. 

Mr. Mriter. Mr. Chairman. 

Mr. Hésert. Mr. Miller. 

Mr. Miter. Mr. Chairman, does the $5 million refund apply against 
the whole $139 million ? 
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Mr. Courtney. Yes. 

Mr. Mixer. Or just that portion of Boeing’s contract as the techni- 
cal, I believe you said, prime contractor? Which again, to me, seems 
to be a lot of superfluous wording someplace. 

But what did Lockheed and Douglas do? Did they just accept 
Boeing’s negotiations on this thing without going into it to see whether 
they could make a better deal ? 

Mr. Powers. They had, Mr. Miller, no responsibility other than 
what had been assigned to Boeing. In other words, the total refund 
of $5 million, we understand, would be made against the total $139 
million purchase order issued to Ford. 

Mr. Miter. Unfortunately, I wasn’t here yesterday. I had to at- 
tend another committee this morning. 

I would like to get some sort of an explanation on what we mean by 
this technical contractor. As I get it, then, one firm comes in and it 
makes a contract, and the other two have to accept that or do accept 
that without further negotiation ? 

Mr. Powers. That is right, sir. 

Mr. Courtney. Mr. Miller, may I break in there? 

Mr. Miter. Isn’t that almost legitimatizing a sort of collusion ? 

Mr. Courrnry. Mr. Miller, may I make an explanation to you 
which I think may have been overlooked ? 

Three concerns were manufacturing the B-47, which had been 
developed originally by Boeing. At the time in question three firms 
were using the wing assemblies which are discussed this morning. 

Dotter hed the prime contract and the direct contract relationships 
with the producers of the wing. sets, which in this case was Ford 
Motor Co., and those 2 of the 3 producing accepted that number of 
sets out of this total purchase order which were applicable to the 
units that they were producing. 

The responsibility, however, if I understand it correctly—and Mr. 
Newman or Mr. Powers correct me. The responsibility for the 
administration, the placing of the order, and the administration of the 
order, was in Boeing. 

Mr. Powers. As we understand it, Mr. Courtney, Boeing nego- 
tiated the price for the quantity and the cost. Now, on the basis of 
the supply schedules, 57 of the wing sets were to go to Boeing, 172 
were to go to Douglas, and 225 to Lockheed. 

Now, both Douglas and Lockheed then issued specific purchase 
orders to Ford for the quantity of the wing sets to go io them. 

Mr. Courrney. At what price? 

Mr. Powers. At the same price that had been negot iated—— 

Mr. Mitier. There is no other—after Boeing maxes the nego- 
tiation 

Mr. Powers. That is binding and conclusive. 

Mr. Miter. In other words, the Boeing sets a basic price, and 
everybody accepted it. 

Mr. Powers. Everybody has to pay it, the same as a eatalog price. 

Mr. Mitirr. Now, the thing I want to get: Were these contracts 
with Ford from the other 2 companies—of course, the responsibility 
for payment came from the other 2 companies, or did Ford just 
look to Boeing—did the whole transaction pass through Boeing? 
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Mr. Powers. The whole transaction was originally negotiated by 
Boeing, but after that point, in terms of delivery and payment for 
that portion of the wing sets to be delivered to them, Douglas and 
Lockheed had a direct relationship with Ford. 

Mr. Miter. Boeing was out of it completely after that? 

Mr. Powers. Now, Boeing had additional responsibility other than 
those having a direct financial relationship upon this. 

For example, Boeing had a responsibility to furnish all the neces- 
sary drawings, the phototemplate of engineering master layouts and 
anything else of a technical character or nature. 

Secondly, Boeing had responsibility to be certain that Ford exer- 
cised proper standards of quality control on the production of the 
wing sets. 

Third, Boeing was to furnish to Ford any technical assistance found 
to be necessary, without cost. 

Fourth, Boeing was to provide Ford all of the master gages, in 
connection with the production of the wing sets. 

And fifth, Ford may visit the Boeing plant at any time to study the 
production methods with respect to the wing sets. 

Now, in terms of when the deliveries were made to either Lockheed 
or Douglas, as we understand it, Mr. Miller, it was the responsibility 
of the other two companies to pay Ford for the wing sets, and not 
Boeing. 

Mr. Mituer. So everything, then, except the financial arrange- 
ments—the relationship was between the prime contractor and the 
secondary, with Boeing being the prime contractor. 

Mr. Powers. Yes, sir. 

Mr. Mirier. All the physical arrangements, other than the financial, 
were the relationship of Boeing to Ford ? 

Mr. Powers. That is right. 

Mr. Miter. So the other people just came in and bought these 
things off the shelf from Ford, having all of it developed through 
Boeing ? 

Mr. Powers. That is right, sir. 

Mr. Henert. Now, the $5 million reflects the repayment back to the 
Government on the overall contract as Ford had it? 

Mr. Powers. That is right. 

Mr. Hésert. Which represents the other two companies as well 
as Boeing? 

Mr. Powers. Right, sir. 

Mr. Hésrerr. And not directly back to Boeing. Naturally not, 
because it is Government money. 

Mr. Powers. That is the way we understand it, Mr. Chairman. 

Mr. Hepert. That is it. In other words, the $5 million reflects also 
the returnable money on the cash paid by Douglas and by Lockheed ? 

Mr. Powers. Correct. 

Mr. Hépert. Mr. Bates. 

Mr. Bares. That was the question I wanted to ask, whether or not 
this reflected all of the amount of money that should be turned back 
to the Government. 

Mr. Powers. That is right. 

Mr. Bares. Or all the work that Ford did for the three different 
companies. 

Mr. Powers. That is the way I understand it, Mr. Bates. 
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Mr. Bares. Isn’t that the situation ? 

Mr. Powers. We have not verified it. You see, at the point in time 
we had the information the refund had not been made, and it was not 
until we received the letter from the Air Force, I think it was Jan- 
uary 18, that they advised us that the refund had been made. 

We attempted to obtain information from the Air Force, and they 
agreed that they would furnish it to us, but so far we have not re- 
ceived positive affirmative confirmation they have the refund and 
whom it was made to. 

Mr. Bares. Well, wouldn’t you normally conclude, if there were 
3 separate companies paying, that the amount should be given back 
through each of them, rather than just 1 of them 4 

Mr. Powers. Y es, sir. I think that is a reasonable determination. 

Mr. Bates. Now, is somebody going to chase this down? 

Mr. Powers. We will, sir. 

Mr. Heéperr. Naturally, we are going to chase this, and many other 
things down, Mr. Bates. 

Mr. Bares. I want to know who is going to do it. 

Mr. Hésert. We have very good colleagues. 

Mr. Bares. I just want to make sure it hasn’ t been done yet. It is 
going to be done. 

Mr. Powers. Yes, sir. 

Mr. Héperr. Mr. Gavin? 

Mr. Gavin. The gentleman states it is going to be done. If the 
general counsel will recall, I believe I pressed very hard during the 
investigation of aircraft manufacturers, on subcontracts. Do you 
recall that? 

Mr. Courtney. That is exactly why we are in this business now. 

Mr. Gavin. We are in it now. 

Mr. Courrnery. It is purchase orders, however, in this case, Mr. 
Gavin. 

Mr. Gavin. We got little satisfaction of how these subcontracts 
were let, whether they were just let promiscuously to somebody the 
individual wanted to give it to, and whether they called for bids on it. 

I think it is a very important matter, as to whether or not small 
business is being blocked out because of the inability to get an oppor- 
tunity to bid on 1 these subcontracts. 

The facts are that maybe a prime contractor will just—or an air- 
craft industry would say, “Well, this particular item is going to so 
and so.’ 

Whether or not anybody was called in to get an opportunity to bid 
on them—I think this subcontracting business ought to be investigated 
very carefully, and very thoroughly, as to what is their plans, what is 
their procedures, and the whole setup, so the committee will under- 
stand the mechanics in this subcontracting business with these aircraft 
industries, 

Mr. Mitzer. Mr. Chairman? 

Mr. Héserr. Mr. Miller. 

Mr. Miter. Did Lockheed and Douglas pay the same unit price, 
whatever it happens to be, for a wing as Boeing in this case? 

Mr. Powers. Yes, sir. 

Mr. Mitzer. Then where was Boeing reimbursed for the engineering 
and technical knowhow and all of the work that it had to go to in the 
development of this wing? 
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Mr. Powers. Under the prime contracts with the Department of the 
Air Force. 

Mr. Mitxer. So the price of the wing, then, to Boeing, to Lock- 
heed, and to Douglas, was the same ? 

Mr. Powers. Yes, sir. 

Mr. Mitier. And the development and engineermg «und adminis- 
trative work done by Boeing—they were reimbursed for that differ- 
ently or on a different basis or in some other manner. 

Mr. Powers. And also, Mr. Miller, they had had prior development 
contracts. 

Mr. Muiurr. For which they had been paid. 

Mr. Powers. Yes, sir. 

Mr. Murr. That is all. 

Mr. Courtney. May I ask one question, Mr. Powers, for the in- 
formation of the committee, and recommendations to the subcom- 
mittee. 

Since a portion of these sets went to Douglas, and Lockheed, under 
the arrangements which you found on these contracts, was either 
Douglas or Lockheed in a position to question the price of the set or to 
redetermine on its own independently the price of the sets for which 
they were billed ? 

Mr. Powers. Well, Mr. Courtney, they had actually as we see it no 
legal responsibility in the matter, and in accordance with the arrange- 
ments and the provisions of their contracts, with the Air Force, their 
role was reduced to that of purely accepting the price, and including 
it in their cost to be billed to the Government for their portion under 
their prime contract. 

Mr. Courtney. Now, in your opinion, would it be an improvement 
in the contractual procedures in these circumstances that the other 
contractors who were required to pay for these sets, in the production 
of the same models, be given some legal responsibility or even an op- 
portunity for redetermining the prices which they are required to pay 
on so substantial a unit? 

Mr. Powers. Well, Mr. Courtney, we feel that in this case the 
answer lies in the fact that there was in our opinion a demonstration 
of ineffective supervision and control by the Air Force over the whole 
operation. ; 

We think the answer lies there based upon the results of our findings 
in this case. 

Mr. Courtney. Rather than in distributing the responsibility over 
the three users. 

Mr. Powers. Yes, sir. Because in the subcontract in which Boeing 
did have the negotiating responsibility, involving $139 million, we 
think that in the interest of the Government, the administrative 
department, which is the Air Force, must exercise close supervision 
over those processes. 

Mr. Hess. Boeing also had the redetermination responsibility, did 
it not? 

Mr. Powers. Yes, sir. 

Mr. Hess. The sole responsibility. 

Mr. Powers. The sole responsibility. 

Mr. Héserr. Do you think that this beautiful letter that has been 
read into the record, of the great hopes and wonderful thoughts and 
conglomeration of a lot of gush is the answer to the problem ? 
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Mr. Powrrs. Mr. Chairman, we feel that in this case—and I feel 
that is a part of our responsibility to this committee, we should say 
that in all fairness and objectivity of working towards the mutual 
and common objective of seeing that both the Government and in- 
dustry have the means by which there is a proper disclosure and an 
equitable consideration of all factors. That the reply was not satis- 
factory or up to the standards of the responsiveness and the objectivity 
we have obtained both from General Rawlings at AMC in regard to 
other findings that we have developed during the past year nor to the 
Assistant Secretary of the Air Force’s Office for Materiel. 1 

Now, after receiving the reply, we personally contacted the Air 
Force officials ‘eaaimed and told them that we did not feel it was 
responsive to either our conclusions or recommendations, and accord- 
inate after our discussions with these officials we addressed a com- 
munication back to Assistant Secretary of the Air Force, Materiel, the 
Honorable Dudley C. Sharp, on February 8, and advised him of the 
seriousness of this problem and suggested that he give it immediate 
attention, to take some more positive action rather than the general 
comments which were included in their reply of January 18. 

We have not received a reply from Assistant Secretary Sharp to 
our second request of February 5. 

Mr. Hésert. Well, 1 will ask that, if and when such a reply is re- 
ceived, this committee be furnished a copy of that reply. 

Mr. Powers. We will be glad to do that, Mr. Chairman, and we will 
send it to you promptly. 

Mr. Bares. Mr. Chairman? 

Mr. Hésert. Mr. Bates. 

_ Mr. Bares. Does the Government actually have the $5 million in 
its possession now ¢ 

Mr. Powers. I can’t answer that question at this time, Mr. Bates. 

Mr. Bares. Weil, there was a statement in here by 

Mr. Powers. The statement is made in the letter of January 18 from 
the Air Force that a refund has been obtained from Ford in the 
amount of $5 million. Now, we have not been able to verify the 
fact that they have obtained it, other than the statement contained in 
this letter. 

Mr. Bares. Yes. Now, I had read that paragraph. 

Mr. Powers. Yes. 

Mr. Bares. If I can get to the point. In the rest of the statement 
there, it says— 





which compensates in great part for the apparent error in negotiation. 


Now, that is a statement of the Air Force, rather suggestive of the 
fact that perhaps there is more money in there. 

Mr. Newman. There is, sir. 

Mr. Bares. I see. I wasn’t here at that time. Now, what was the 
modus operandi? Do you know how this money was received? Did 
the Air Force write a letter and say “We would like to have this 
money back, or thank you very much for calling it to our attention,” 
or have you seen anything in the files on that at all ? 

Mr. Powers. So far as we could determine, Mr. Bates, Ford volun- 
tarily offered to refund the amount of $5 million. | 

Now, our audit was made during—June to August 1955. Our find- 
ings were discussed with Ford in August 1955. 
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Mr. Bares. So you don’t know if they actually got the money and, 
therefore, you don’t know how it was actually accomplished. 

Mr. Powers. No, sir; at this time, we don't. 

Mr. Bares. Thank you, Mr. Chairman. 

Mr. Covurrney. And you are not able to explain, then, what distri- 
bution, if any, was made of the $5 million ¢ 

Mr. Powers. Not at the present time. 

Mr. Hess. Do you think there is any possibility of recovering that 
$4,800,000 under renegotiation ¢ 

Mr. Powers. No, Mr. Hess, unless Ford Motor Co. were to volun- 
tarily offer to refund it. 

Mr. Héserr. Mr. Cunningham, have you any questions? 

Mr. Cunnrncuam. No questions. 

Mr. Héserr. Any further questions? 

Mr. Hess. Under renegotiation ? 

Mr. Powers. It may be possible. 

Mr. Héserr. Any further questions from members of the commit- 
tee, in connection with this matter? Thank vou, gentlemen, very 
much. 

We will look forward to this continued fine cooperation from the 
General Accounting Office, and from you, individually. 

Mr. Powers. Thank you, Mr. Chairman and members of your com- 
mittee, for your time, and consideration of our findings and report. 

Mr. Heserr. I think together we can save untold millions to the 
Government. 

Mr. Powers. Thank you, sir. 

Mr. Heéserr. The committee will now recess until Monday at 10 
o'clock. 

(Whereupon, at 11:25 a. m., the subcommittee recessed, to recon- 
vene at 10 a. m., Monday, April 1, 1957.) 


APPENDIX A 


COMPTROLLER GENERAL OF THE UNITED STATES, 
Washington, February 8, 1957. 
B-118715 
Hon. CARL VINSON, 
Chairman, Committee on Armed Services, 
House of Representatives. 

DEAR MR. CHAIRMAN: Enclosed for the use of your committee is a copy of our 
report on review of Boeing purchase order 952359 (contract AF 33(038)-—21407) 
between Boeing Airplane Co., Air Force prime contractor, and the Ford Motor 
Co., subcontractor. This report, which includes the comments of Headquarters, 
Air Materiel Command (AMC) on our findings, was transmitted to the Assistant 
Secretary of the Air Force (Materiel) on November 5, 1956. <A copy of his reply, 
dated January 18, 1957, is attached to this letter. 

We believe that this report shows the need for closer control by the Air Force 
over the repricing of major subcontracts. In commenting on the repricing nego- 
tiations between Boeing and Ford, AMC acknowledged that there were weak- 
nesses in negotiations and stated that an anticipated $5 million refund from Ford 
would make up for the apparent error in negotiations and would also give the 
Air Force a share in economies due to Ford’s efficiency. In his letter dated Jann- 
ary 18, 1957, the Deputy Assistant Secretary of the Air Force (Materiel) in- 
formed us that the comments we received from AMC reflect, in general, the Air 
Force views on our report. He agreed that the negotiations between the prime 
contractor and subcontractor left much to be desired and stated that the $5 
million refund referred to by AMC had been obtained. 
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In bringing this matter to the attention of the Air Force our purpose was to 
disclose apparent administrative weakness for consideration of the Air Force 
and advice as to actions taken to avoid reoccurrences. 

Although the Air Force mentioned general programs of improvement and in- 
struction, they did not indicate specifically what measures have been taken to 
overcome the particular type of weakness disclosed in this case. 

We are pursuing this matter further on the basis indicated in the attached copy 
of a letter to the Air Force, dated February 8, 1957. 

Sincerely yours, 
JOSEPH CAMPBELL, 
Comptroller General of the United States. 


APRIL 29, 1957. 
Re your file B—118715, Boeing-Ford Motor Co. subcontract. 
Hon. JoseEPH CAMPBELL, 
Comptroller General of the United States, 
Washington, D.C. 

DEAR Mr. COMPTROLLER GENERAL: Thank you for your letter of April 23, 1957, 
enclosing an exchange of correspondence between Hon. Dudley C. Sharp, Assist- 
ant Secretary of the Air Force, under date of March 29, 1957, and your response 
thereto of April 23, 1957, referring the correspondence to the subcommittee. 

Your continuing interest in this matter is greatly appreciated. 

Sincerely yours, 
F. Epwarp HE&sert, Chairman. 





COMPTROLLER GENERAL OF THE UNITED STATES, 
Washington, D. C., April 23, 1957. 
Hon. F. Epwarp HEBERT, 
Chairman, Subcommittee for Special Investigations, 
Committee on Armed Services, 
United States House of Representatives. 


DEAR Mr. CHAIRMAN: In accordance with your request during the hearings on 
March 29, 1957, there is attached a copy of a letter dated March 29, 1957, from 
the Honorable Dudley C. Sharp, Assistant Secretary of the Air Force, in reply 
to a letter from this Office dated February 8, 1957, concerning our report on 
review of Boeing Purchase Order 952359 between Boeing Airplane Co., Air Force 
prime contractor, and Ford Motor Co., subcontractor. 

There is also attached a copy of our letter dated today to Secretary Sharp 
concerning further action to be taken relative to the specific measures contem- 
plated by the Air Force to strengthen controls over subcontract pricing. 

Sincerely yours, 
JOSEPH CAMPBELL, 
Comptroller General of the United States. 


UNIrep States GENERAL ACCOUNTING OFFICE, 
DEFENSE ACCOUNTING AND AUDITING DIVISION, 


Washington, D. C., April 23, 1957. 
Hon. Duntey C. SHARP, 


Assistant Secretary of the Air Force. 


Dear Mr. SHARP: In accordance with the request of Representative F. Edward 
Hébert, we have today transmitted to the Subcommittee for Special Investiga- 
tions of the House Committee on Armed Services, a copy of your letter dated 
March 29, 1957, relating to our report on review of Boeing Purchase Order 952359 
between Boeing Airplane Co., Air Force prime contractor, and Ford Motor ©o., 
subcontractor. 

We appreciate your prompt and objective consideration of our findings. It is 
apparent that the subcontract pricing problem is recognized by the Air Force 
and is receiving attention. However, the specific measures contemplated to place 
greater control over subcontract pricing are not entirely clear and we believe 
that the Air Force might well reappraise its emphasis upon early repricing. 

Mr. James H. Hammond, Assistant Director of this Division, has been re- 
quested to discuss with representatives of your office the specific actions and 
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measures contemplated with regard to the establishment of firm prices in those 
cases where the contractor feels that his cost data is not sufficiently reliable for 
such purposes. 

Sincerely yours, 











































WiittiaM A. NEWMAN, Jr. 
(For Lawrence J. Powers, Director.) 






DEPARTMENT OF THE AIR FORCE, 
OFFICE OF THE SECRETARY, 
Washington, March 29, 1957. 

Dear Mr. Powers: We have carefully studied your letter B—-118715 of Febru- 
ary 8 and the question of whether current Air Force procedure provides suffi- 
cient control over the Boeing-Ford subcontract type problem to adequately pro- 
tect the Government’s interest. You suggest that— 

(a) Instructions or regulations be established which would require spe- 
cial measures and safeguards over pricing of large subcontracts and of sub- 
contracts where there is a lack of incentive to seduce cost; and that 

(6) The Air Force reconsider the advisability of insisting that a supplier 
finalize his price if he feels that he has insufficient cost data. 

Air Force pricing policy currently provides that special measures and safe- 
guards be related to the substance of procurement whether prime or sub. All 
of our authority and review requirements emphasize the importance of high 
dollar value. Pricing training is directed toward emphasis on the important. 
You have already been furnished copies of directive material and AMC Manual 
70-3 on the subject of subcontract pricing. 

We do not believe that there is a weakness in instructions or regulations. 
The job appears to us to be one which can best be solved by specialized training 
measures. This we are doing and will continue. We will, however, accept your 
suggestion and place additional emphasis on the major subcontract pricing 
problem. 

For your information, in a recent speech to the Air Force Advanced Pricing 
School, the Director of Procurement and Production, Headquarters, Air Materiel 
Command, included the following: 

“In addition to pricing the prime contract, I will expect good pricing people 
to make sure that our prime contractors are meeting their responsibility in 
pricing their subcontracts. The subcontract pricing problem is one of the most 
challenging pricing areas at the present time and I expect you to contribute to 
doing the job better.” 

Your second question relates to the time of finalizing a price in a IIB-type 
contract. We have two thoughts: The first, that firm pricing must be supported 
by adequate cost information; second, that other things being equal, the earlier 
that prices are finalized the better. 

Where cost data proves insufficient at the contract time contemplated for 
repricing, there is, of course, a question whether the II B-type contract should 
have been entered into. Recognizing the impossibility of converting to a more 
appropriate type of contract at a later date, we believe that (i) where a con- 
tractor’s failure to negotiate a sound price on a timely basis results in a reduc- 
tion of risk, then (ii) a reduction in profit consideration is in order. 

Our experience with interim repricing contracts has improved vastly since 
the time of the Boeing-Ford negotiation. At that time, as you know, many of 
our IIB contracts were running to completion before redetermination and all 
efforts were directed toward earlier pricing. It is impossible to determine at 
this time whether or not there was then sufficient cost data at Ford for adequate 
pricing, but we are satisfied that neither Boeing nor the Air Force would have 
proceeded had they felt the data to be insufficient. 

The values to be gained from early repricing are obvious to both of us. If, 
in the instant case it would have been better to have delayed repricing, then 
the case was an exception rather than the rule. We certainly agree, however, 
that we cannot rely upon a voluntary refund as a part of our pricing technique ; 
however, our efforts in obtaining the voluntary refund from Ford should be 
recognized as a part of the overall procurement in this case. 

Since receiving your letter, our Air Materiel Command pricing people have 
been privileged to discuss with you many of our general pricing policies. We 
feel that we have much to gain from your review of our pricing practices. We 
think that discussions of pricing policy should take place whenever a practice 
indicates that the Air Force may not have provided adequate pricing direction. 
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Certainly, the implementation of our policy is dependent upon many individual 
buying people. Recognizing that directive material alone will not solve our 
problem, you will find that we are not wholly anxious to give them guidance, but 
also to concentrate on a training and surveillance program that will insure that 
operations are consistent with our aims. 
We look forward to further cooperation with you and your people. 
Sincerely yours, 
Duptey C. SHARP, 


Assistant Secretary of the Air Force. 
Mr. LAWRENCE J. POWERS, 


Director, Defense Accounting and Auditing Division, 
United States Gencral Accounting Office. 


FRIDAY, JULY 12, 1957 
House or REepResENTATIVES, 
CoMMITTEE ON ARMED SERVICES, 
SUBCOMMITTEE FOR SPECIAL INVESTIGATIONS, 
Washington, D.C. 

The subcommittee convened at 10 a. m., the Honorable F. Edward 
Hébert, chairman of the subcommittee, presiding, and the following 
members present: Mr. Hess, Mr. Gavin, Mr. Cunningham, and Mr. 
Hardy. 

Mr. Héserr. The committee will come to order. 

Mr. Courtney. Mr. Chairman, at the conclusion of our hearings on 
the Boeing-Ford presentation by the General Accounting Office by 
Mr. Powers and his assistants—reporting on a finding and certain 
facts supporting the same, by the General Accounting Office, we re- 
ceived a telegram from Boeing Airplane Co. which I should like to 
read into the record. 

This is dated April 3, 1957, directed to the chairman. It states 
[reading |: 


I feel obligated to comment upon the newspaper accounts of the testimony of 
Mr. Lawrence J. Powers, of the General Accounting Office, before your subcom- 
mittee on March 29, 1957. The inferences and accusations allegedly made by 
Mr. Powers that Boeing and the Air Force, to the point of negligence, were not 
interested in protecting the interests of the Government with respect to the 
subcontract with Ford Motor Co. for B-47 wings, are flagrantly erroneous. 
When the Boeing Co. became aware of cost trends being experienced by Ford 
subsequent to the negotiation of the Ford subcontract, Boeing representatives 
contacted Ford on numerous occasions concerning the possibility of a refund. 
Upon such contacts, Ford reiterated that, in their opinion, they were not ex- 
periencing excessive profits and that a refund was not indicated. When the 
Ford Co. finally acknowledged the possibility of a refund on November 4, 1955, 
the Air Force and Boeing immediately, in connection with the final price nego- 
tiations on B—-47 contract AF33/600/5148, entered into supplemental agreement 
No. 73. This formal contractual supplement was negotiated during the period 
November 7-8, 1955, and paragraph 13 therefore is quoted verbatim below : 

“It is recognized that the price negotiated herein for category first does not 
include an allowance for a possible refund from the Ford Motor Co as a result of 
its production of B-47 wings for Boeing, Douglas, and Lockheed. It is agreed 
by the parties hereto that the contractor’s portion of any such refund allocable 
to contract 5148 will be returned to the Government in its full amount.” 

Again, contrary to Mr. Powers’ reported testimony, the actual refund on the 
Boeing subcontract was received by Boeing to the Government on November 9, 
1956. In view of the record, I am at a loss to comprehend how Mr. Powers 
could have concluded that the Air Force and Boeing were not interested in 
the refund, since the General Accounting Office has access to Air Force con- 
tracts, including contract AF33/600/5148. Furthermore, Mr. Powers allegedly 
testified that Ford had contacted Boeing requesting an adjustment in the sub- 
contract to take care of the refund, and that Boeing replied that it could not 








2356 BOEING AIRPLANE CO.—FORD MOTOR CO. SUBCONTRACT 


afford to change the contract. This is a misstatement of fact. The Ford Co. 
did not contact the Boeing Co. regarding such a request at any time. As to 
whether or not we can afford to make such adjustments, we spend considerable 
time and effort in assisting subcontractors, providing them with on-the-spot 
technical know-how, including the training of their personnel in improved air- 
craft manufacturing techniques. All of these efforts are directed toward en- 
abling them to achieve better cost performance which permits contract price re- 
ductions and refunds. In fact, our records indicate we have processed num- 
erous reductions to vendor purchase orders and have passed appropriate credits 
to related prime contracts for as low as $1,600. You were quoted as expressing 
concern that the Boeing Co. had failed to list the Ford Co. as a subcontractor 
in the data presented last year to your subcommittee. The Ford subcontract. 
was properly listed on page B-3.4 of our answer to the questionnaire. Your 
inability to find the listing of the Ford subcontract was undoubtedly due to 
another discrepancy in Mr. Powers’ testimony, when he referred erroneously to 
contract AF33/038/21407 instead of AF33/600/5148. A copy of the complete 
testimony has been requested, and will be reviewed. After review, the Boeing 
Co. will welcome an opportunity to appear before your subcommittee with the 
objective of clarifying many apparent misstatements and misinterpretations of 
fact with respect to the subcontract with Ford Motor Co. for B-47 wings. 

Mr. Clyde Skeen, our controller, will be in Washington on April 9 and 10 on 
other matters, and will call your office to ascertain if you desire to discuss with 
him an appearance before your committee. 

Respectfully, 

WILLIAM M. ALLEN, 
President, Boeing Airplane Co. 

Mr. Chairman, I would ask that telegram be made a part of the 
record of the prior hearing. 

Mr. Hézerr. Without objection. 

Mr. Courtney. Now, Mr. Chairman, on April 9, as the telegram 
indicated, Mr. Clyde Skeen, the control ler of the company, Mr. James 
P, Murray, its local representative, and Mr. Carl Dillon, waited on 
the subcommittee, and myself. 

In the interview with Mr. Skeen and his associates, I advised them, 
with your consent and direction, that if there were any controversy 
with respect to the facts or the conclusions in the General Accounting 
Office report, that the first thing that should be done would be to 
reconcile those differences with the General Accounting Office. That 
the subcommittee did not consider it appropriate to engage in that 
controversy at this point, or to supervise a controversy between Gen- 
eral Accounting Office, and the Boeing Airplane ‘Co., since the 
General Ac counting Office had made a firsthand investigation and 
had submitted its factual report to the subcommittee. 

So conferences ensued. How many I do not know, precisely. But 
we were advised by the General Accounting Office representatives 
from time to time that the conferences were progressing and that the 
facts would bei ironed out. 

On June 27, 1957, the General Accounting Office addressed a letter 
to the subcommittee. It is No. B-118715, which I should like to pre- 
sent to the subcommittee now. 

Mr. Chairman, we have a limited number of copies here, but I will 


pass some of them around to the subcommittee. This is addressed to 
the subcommittee. [Reading:] 


In accordance with your suggestion of April 9, 1957, to Mr. Clyde Skeen, con- 
troller, Boeing Airplane Co., we have met with Boeing representatives to discuss 
certain aspects of our report on the purchase orders issued to the Ford Motor 
Co. for B-47 wings, and our testimony thereon to the Subcommittee for Special 
Investigations on March 20, 1957. The following Boeing representatives partici- 
pated in the discussion: Mr. James P. Murray, vice president, Washington repre- 
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sentative; Mr. Clyde Skeen, controller; and Mr. Carl Dillon, director of finance, 
of Wichita division. 

Our discussions were concerned primarily with the question of Boeing’s interest 
or efforts in obtaining a refund from Ford and the prime contract number under 
which the purchase orders were reported. We have reached an agreement with 
the Boeing representatives that the attached memorandum is a factual presenta- 
tion of the circumstances related to these questions. 

A copy of this letter is being forwarded to the Boeing Airplane Co. 


That is signed “Very truly yours, Lawrence J. Powers, Director of 
the Defense Accounting and Auditing Division,” and the number of 
the official letter is B-118715. 


The attachment, Mr. Chairman, represents the agreed statement of 
facts. [Reading:] 


Evidence or lack of evidence of interest in or efforts by Boeing to obtain 
refund from Ford. 

The rate of profit being experienced by Ford was considered excessive by the 
Air Force resident auditor at Ford and was called to Boeing’s attention on three 
occasions. 

Letter dated July 19, 1954, from the Air Force resident auditor at Ford to the 
Air Force plant representative at Boeing stated that the indicated rate of profit 
experienced by Ford far exceeded the expected and negotiated profit. This letter 
was forwarded to Boeing by the Air Force plant representative for review and 
comment on July 22,1954. Boeing, in a letter to the Air Force plant representa- 
tive dated July 23, 1954, stated that (1) the information in the resident auditor’s 
letter was not sufficient for Boeing to determine that the profit as shown was 


excessive and (2) in Boeing’s opinion if Ford experienced an excessive profit 
they would voluntarily make a refund. 


These, I might remark narenthetically, refer, quite obviously, to the 
exhibits which were attached to the presentation made by the General 
Accounting Office. [Continues reading :] 


In a letter dated October 22, 1954, to the Air Force plant representative at 
Boeing, the Air Force resident auditor at Ford stated that information developed 
from control schedules furnished by Ford indicated profits -* 17 percent at 86 
percent of completion of the contract, and a forecast for the baiance of produc- 
tion indicated that the contract would be completed with profits in excess of 
normal or negotiated. This letter was forwarded by (sic) Boeing by the Air 
Force plant representative on October 25, 1954. In commenting on the Air Force 
resident auditor’s letter, Boeing in a letter dated November 8, 1954— 


Mr. He&sert. To Boeing. 
Mr. Courtney. To Boeing. [Continues reading :] 


In commenting on the Air Force resident auditor’s letter, Boeing in a letter 
dated November 8, 1954, to the Air Force plant representative at Boeing stated 
that (1) the resident auditor’s statement appeared to be an opinion and did 
not necessarily take into account certain conditions and unrecorded costs through 
completion and (2) in Boeing’s opinion, based on known conditions and cost 
trends at the time of price redetermination negotiations, the fixed prices were 
fair and reasonable and information made available subsequently furnished 
no basis for alarm or change of their opinion. 

Letter dated November 15, 1954, from the Air Force resident auditor at Ford 
to the Air Force plant representative at Boeing pointed out that (1) his letter 
of October 22 was not an opinion but was based upon recorded costs and fore- 
casts made by Ford and (2) actual profits appeared to exceed the amount nego- 
tiated by $10 million. The Air Force plant representative at Boeing submitted 
this letter to Boeing for consideration. On November 19, 1954, Boeing forwarded 
to Ford, Kansas City, the Air Force resident auditor’s letters of October 22 
and November 15, and Boeing’s letter to the Air Force, dated November 8, 
stating that after this problem was discussed with Mr. Beers (of Ford Motor 
Co., Detroit), Boeing would appreciate a call so they could get together with 
Ford for an answer to the latest Air Force letter. 

The reply from Ford dated January 12, 1955, defended the negotiated price, 
stated that the profits that would be earned during the period of March 1, 1951, 
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to June 30, 1956, would be less than Ford had anticipated from the program and 
cited reasons why the profits should be retained. A meeting of Ford and Boeing 
officials was held on January 13, 1955, to discuss the January 12 letter. Ford’s 
memo of this meeting states, in part: 

“Mr. Schaefer (Boeing) stated that both the Air Force and Boeing usually 
gage performance by comparing profits with either costs or sales, and that it 
may have been advisable for Ford to have presented an evaluation on this 
basis. Ford representatives reemphasized that the return on assets employed 
is a basic profit evaluation instrument and since, unlike most airframe programs 
the Ford wing program is being performed in a company-owned facility it must 
be used in this case to permit true evaluation. 

“Mr. Schaefer asked Mr. Dillon’s (Boeing) opinion as to the sufficiency of 
Mr. McNamara’s (Ford) letter with respect to acquainting the Air Force with 
profit performance on the Ford wing program. Mr. Dillon replied that with 
the addition of certain other information similar to that contained in various 
letters written by the Kansas City aircraft plant resident auditor, it was in 
his opinion sufficient. 

“(Parentheses added for identification purposes. )” 

Boeing in a letter dated February 14, 1955, to the Air Force plant representa- 
tive at Boeing, Wichita. referred to the meeting with Ford representatives to 
discuss various correspondence and actions that had taken place as a result of 
the letters forwarded by the Air Force resident auditor at Ford Motor Co., 
Kansas City division. Boeing stated that they had no access to records at Ford 
(other than through the reports of the Air Force resident auditor at Ford) and 
could only report their understanding of Ford’s position relative to the claim 
of the resident auditor regarding any excessive profits. Boeing then concluded 
their letter by stating that inasmuch as final fixed prices were negotiated in good 
faith with Ford and were considered fair and reasonable, any subsequent action 
insofar as Boeing was concerned relative to these prices could only be on a 
voluntary basis on the part of Ford Motor Co., and Ford did not believe that 
they had earned excessive profits. 

Boeing believes that their action (mentioned above) which obtained a writ- 
ten statement of policy from Ford with respect to profits, constitutes a showing 
of interest on their part in obtaining a refund. 

Our review disclosed that there is no evidence that Boeing requested a refund 
from Ford. In our opinion the records examined and evidence submitted clearly 
indicate that this exchange of correspondence early in 1955 closed the matter 
as far as Boeing was concerned. Boeing's reply of November 3, 1955, to our 
findings dated October 19, 1955, defended the date of redetermination of price 
under the purchase order, as well as other points that were raised by our 
tentative report, and no mention was made of a possible refund from Ford, 
However, Boeing’s intradivision letter dated November 4, 1955, indicates that 
Boeing, .Wichita, had received a telephone call from Ford advising that a $5 
million refund would be made. 

2. Prime contract number : 

Apart from the findings contained in our report and our testimony thereon 
during the course of the- hearing, the subcommittee commented on Boeing’s 
failure to report the Ford subcontracts to the subcommittee under the original 
contract number during the hearings on aircraft production costs and profits 
during the spring of 1856. 

In further clarification of this point, it should be that on page 1902 of the 
hearings before the Subcommittee for Special Investigations of the Committee 
on Armed Services, House of Representatives, 84th Congress, 2d session, Boeing 
listed Ford subcontracts (without identifying individual subcontract numbers) 
in the total amount of $29,200,718, under contract No. AF33/600/5148, the con- 
tract under which the wing sets were to be used as provided by change orders 
to the original purchasing orders. 

The Air Force prime contract No. AF 33(038)-—21407 was included in our 
report for the purpose of identifying the original contract under which the 
purchase orders were issued to the Ford Motor Co. for the B—47 wings. However, 
change order No. 13, dated November 27, 1951, to Boeing purchase order 
952359 and change order No. 12, dated March 27, 1952, to Boeing purchase 
order No. 952360 transferred the subcontracts from contract AF 33(038)-—21407 
to AF 33 (600)—5148. 

The fact that the wings were used by Boeing under another Government prime 
eontract of the same type had no particular significance to our examination 
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of the operations and administration of the B-47 wing program performed 
under subcontracts by the Ford Motor Co. The change in the prime contract 
under which the wing sets were utilized did not alter the fact that, as we 
reported to the Congress, there was insufficient control by the Air Force over 
the negotiations between Boeing and Ford of subcontract prices under which 
Ford realized $9.8 million profit in excess of that contemplated. 


Mr. Chairman, that concludes the agreed statement of facts sub- 
mitted as indicated in the letter of transmittal to the subcommittee. 

Mr. Chairman, immediately after I received, in behalf of the sub- 
committee, the letter and the statement which I have just read, I sent 
an airmail certified mail letter to Mr. Clyde Skeen, the controller of 
Boeing Aircraft at Seattle. 

I would like to read that into the record. | Reading : | 

On April 9, 1957, in conference with the undersigned, the representations made 
in your telegram to the subcommittee of April 3, 1957, signed by Mr. William M. 
Allen, your president, were discussed and it was suggested that your differences 
concerning facts be first discussed with and reconciled with the General Account- 
ing Office whose report was made to the subcommittee. 

The subcommittee is informed that in the interval several conferences have 
been held. Today, the subcommittee is in receipt of a letter from the General 
Accounting Office dated June 27, 1957, containing: a summation of the matters 


discussed in the conference betw een your company’s representative and those of 
General Accounting Office. 


Appended to the transmittal is a statement of facts agreed upon. 


Mr. Chairman, that is the letter and statement I have just read from 
the General Accounting Office. | Continues reading: | 

Your company has been furnished a copy of this transmittal made to the sub- 
committee. The subcommittee desires confirmation of the content of the letter 
of the General Accounting Office with its statements of facts for further proceed- 
ings in this matter. Kindly give this matter your prompt attention and advise 
the subcommittee in the premises. 

Now, Mr. Chairman, that was June 28, 1957. 

This meeting, as you know, was scheduled some weeks ago. Not 
having had a reply, on July 9, 1957, I wired the president of the 
Boeing Airplane Co., at Seattle. Wash., as follows [reading]: 

Reference subcommittee airmail letter June 29, to Clyde Skeen, controller, 
concerning statement of facts presented by General Accounting Office, June 27. 
Immediate reply was requested. None received to date. 

That afternoon, I received in behalf of the subcommittee a telegram 
reading as follows | reading] : 

Subconimittee letter received July 2. The reply which has been coordinated 
with and approved by the undersigned being airmailed July 9, 1957. 

(Signed) Wiitiam M. ALLEN, 
President, Boeing Airplane Co. 

Now, Mr. Chairman, we come to the letter from Boeing Airplane 
Co., in response to the subcommittee’s letter. 

Mr. Gavin. M: ay I ask a question ? 

Mr. Courtney. Yes, sir. 

Mr. Gayry. On that call to Wichita from Ford to Boeing, that 
was a voluntary call, was it, to Boeing, advising them they were 
returning $5 million. Ford called Boeing. Boeing didn’t call 
Ford—in the latter part of your statement here. I can’t recall that. 

Mr. Covurrney. That, Mr. Gavin, is from an agreed statement of 


facts. That is nothing with which I had anything to do. 
Mr. Gavin. Oh. 
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Mr. Courtney. That was agreed—which I had nothing to do with 
nor anybody in behalf of the subcommittee had anything to do with. 
That is an agreed statement of facts. 

Mr. Gavin. Oh. Well, I was just wondering who put in the call. 
Did Ford put in the call to Boeing at Wichita, advising them they 
were returning $5 million? 

Mr. Courtney. That is correct. And the original presentation 
to the subcommittee made on the March 29 hearing makes reference 
to that exchange as being a telephone call. Now, how it originated 
we don’t know. 

Now, this is the letter from Boeing of July 9, 1957, which was 
received on July 11, 1957, addressed to the subcommittee. [Read- 
ing :| 

This is in reply to your letter dated June 28, received by this office July 2. 

Following our discussion in your office on April 9, 1957— 


that refers to the subcommittee— 


the undersigned and other representatives of the Boeing Co. met on three sepa- 
rate occasions with Mr. Lawrence J. Powers, Director of Defense Accounting 
and Auditing Division, United States General Accounting Office, and members 
of his staff. The purpose of these meetings, as suggested by you, was to at- 
tempt to reconcile difference of fact relating to Mr. Powers’ testimony on 
March 29, 1957, before the subcommittee concerning the subcontract for B-47 
wings between the Ford Motor Co. and the Boeing Co. 
Mr. William Allen’s telegram of April 3, 1957— 


which I have read into the record— 


to the chairman of the subcommittee was directed to the newspaper accounts 
of Mr. Power's testimony. (See for example attachments A and B from the 
New York Times and the Washington Post and Times Herald.) 


Mr. Chairman, we have not reproduced in the copies on your desk 
the attachments. Attachment A is an article which appeared in the 
New York Times. The date is indistinct. But the dateline is 
March 29. The byline is the Associated Press. 

Attachment B is an article which appeared—there is a marking 
on it “March 30, 1957,” which appeared in the Washington Post and 
Times Herald. The byline is the United Press. [Reading:] 


As indicated in Mr. Allen’s TWX, a complete verbatim testimony of Mr. 
Powers’ remarks was requested. This stenographie transcript, distributed by 
the Capitol Reporting Service of 939 D Street NW., Washington, D. C., was 
subsequently obtained and subjected to review. 

After review of the transcript it was determined by the undersigned that 
there were six specific items of the testimony subject to challenge as to accuracy 
of fact. During the discussions with representatives of the General Accounting 
Office it was determined that four of the items were not of sufficient importance 
to the overall import of the testimony to merit further consideration. They 
were, therefore, dismissed from the discussions, and the primary emphasis was 
directed toward the question of the showing of interest by Boeing in obtaining a 
refund from Ford and the proper prime contract number under which the Ford 
wings were utilized by Boeing. 

With respect to the matter of a showing of interest by Boeing in obtaining a 
refund from Ford, we have agreed jointly with the General Accounting Office 
on a statement of facts, a copy of which is appended hereto as attachment C. 
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Mr. Chairman, the attachment is the same text as that which I read 


in the letter of transmittal by the General Accounting Office. | Con- 
tinues reading :] 


However, we differ with the General Accounting Office in the conclusions 
reached therefrom, as indicated by attachment C. A fixed price contract had 
been negotiated between Boeing and Ford, and, in the absence of a showing of 
fraud by Ford, Boeing was obligated to comply with the terms of the contract. 


Mr. Hess. Mr. Courtney, right there, wasn’t that an incentive con- 
tract ? 


Mr. Courrney. A fixed price, redeterminable contract, as to which 
the target date and the target price was redetermined during the 
course of the contract, and was in fact redetermined. 

Mr. Foco. It wasn’t incentive type, though. 

Mr. Courrney. No, not incentive. Price-redetermined contract. 

Now, Mr. Chairman, I do not desire, by having read this into the 
record, to associate myself in any way with the conclusions of the 
writer. 

I would say as a matter of comment to the subcommittee that I find 
no basis in fact, no justification in law, and none on moral grounds, 
to the conclusion that is stated. [Reading:] 


However, Boeing carried on discussions with Ford to ascertain the basis of 
Ford’s contention that the profits earned under the contract were reasonable. 
The charge made in newspaper accounts that Boeing was unwilling to accept in 
behalf of the Government a voluntary refund is completely disproved. 


I might say, Mr. Chairman, that is obviously the conclusion of the 
writer, since the committee has expressed no opinion on the subject. 
[ Continues reading :] 


Furthermore, contrary to the record and the attendant publicity, Ford con- 
tended that the negotiated price was reasonable and resisted a refund. (See 
Attachment C.) It is clear that the public was given a completely erroneous 
impression of the transaction. (See Attachments A and B.) 


They are the two articles, one of the Associated Press and the other 
of the United Press. [Continues reading :] 


This false impression should be corrected. 
With respect to the proper prime contract number under which the purchase 
order subcontract to Ford was applicable, the General Accounting Office is now 


in agreement with us, as also disclosed by Attachment C. Statements were made 
by the chairman and you— 


referring to myself— 


on pages 1261, 1320, 1821, 1322, 1823, 1324, and 1325, et seq., of the stenographie 
transcript to the effect that the Boeing Co. had failed to include the Ford Co. as 
a subcontractor in the comprehensive financial data filed with the subcommittee 
in the 84th Congress. The agreed statement (attachment C) verifies that con- 
tract AF33(600)-5148 was the proper contract number under which the wing 
sets obtained from Ford were used, and on page 1902 (table B-3.3) of the record 
of subcommittee hearings you will note that the subcontract with Ford is listed 
as the ninth item in the schedule of subcontractors. We, therefore, request that 
the record be corrected to eliminate the statements of improper reporting on the 
part of the Boeing Co. to the subcommittee during the 84th Congress. 

A copy of this letter is being furnished to the General Accounting Office. 

Signed, “Very truly yours, Boeing Airplane Co., Clyde Skeen, comptrol!er,” 
with three attachments. 
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Mr. Chairman, I would ask that this transmittal be made a part of 
the record. 
(Attachments A and B are as follows:) 


ATTACHMENT A 
{From the New York Times, March 30, 1957] 
AIR ForcE SPURNED $5 MILLION REFUND, House Unit Is Toip 
By the Associated Press 


WASHINGTON, March 29.—A Government accountant told incredulous Members 
of Congress today that it sometimes was easier for a company to make $5 million 
on a Federal contract than to get the Air Force to accept a refund. 

The situation was unfolded before a House Armed Services subcommittee by 
Lawrence J. Powers, head of accounting and auditing for the General Accounting 
Office. Involved were the Air Force, the Ford Motor Co., and the Boeing Air- 
plane Co. 

Mr. Powers said Boeing contracted with Ford for 454 sets of wings for B—47’s 
it was producing. After Ford had started production, the contract was revised 
and Ford’s profit jumped from $9,900,000 to $21,800,000. 

Ford felt this was too much and asked Boeing to revise the contract again. 
But Mr. Powers said Boeing replied that it could not afford to keep changing the 
terms. Ford then offered the $5 million to the Air Force. 

F. Edward Hébert, subcommittee chairman, Democrat of Louisiana, asked 
whether Mr. Powell meant that Boeing and the Air Force “showed no interest in 
recovering this $5 million from Ford, even though the auto company “insisted on 
giving it back.” 

“We found no evidence that the Air Force or Boeing had endeavored to obtain 
a refund from Ford,’ Mr. Powers replied. 

But he said Ford, seizing the initiative, submitted a “written commitment” to 
the Air Force for the refund and the money now is on its way to the Treasury. 

Mr. Powers said Max Golden, Deputy Air Force Secretary for Procurement and 
Production, told him the Air Force did not like to take refunds in such cases 
because contractors might want it to make good on “unanticipated price in- 
creases.” 

Mr. Powers said the Air Materiel Command told him the situation arose 
because of Ford’s “outstanding efficiency” in cutting costs, plus “faulty” cost 
projections and weaknesses in contract negotiations. 

After hearing the evidence, Mr. Hébert said he feared the case was “one of 
many which we will be able to uncover.” 


ATTACHMENT B 
[From the Washington Post and Times Herald, March 30, 1957] 
3EATEN-DOWN AIR Force TAKES $5 MILLION Forp REFUND 
By United Press 


A Government accountant told incredulous Congressmen yesterday that it some 
times is easier to make $5 million on a Federal contract than to get the Air 
Force to accept a refund. 

The unusual situation was unfolded before a House Armed Services Sub- 
committee by Lawrence J. Powers, head of accounting and auditing for the 
General Accounting Office. Involved were the Air Force, Ford Motor Co., and 
Boeing Airplane Co. 

Powers said Boeing contracted with Ford for 454 sets of wings for B-47’s 
it was producing. After Ford started production, the contract was revised and 
Ford’s profit jumped $9.8 million to $21.8 million. 

Ford felt this was too much and asked Boeing to revise the contract again. 
But Powers said Boeing replied that it could not afford to keep changing the 
terms. Ford then offered the $5 million to the Air Force. 

Subcommittee Chairman F. Edward Hébert (Democrat, Louisiana) asked 
whether Powell meant that Boeing and the Air Force “showed no interest in 
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recovering this $5 million from Ford,” even though the auto firm “insisted on 
giving it back.” 

“We found no evidence that the Air Force or Boeing had endeavored to obtain 
a refund from Ford,” Powers replied. 

But he said Ford, seizing the initiative, submitted a “written commitment” 
to the Air Force for the refund and the money now is on its way to the 
Treasury. 

Powers said Max Golden, Deputy Air Force Secretary for Procurement and 
Production, told him the Air Force doesn’t like to take refunds in such eases. 
If it does, contractors want it to make good on “unanticipated price increases” 
too. 

Powers said the Air Materiel Command told him the situation arose because 
of Ford’s “outstanding efficiency” in cutting costs, plus “faulty” cost projections 
and weaknesses in contract negotiations. 

Mr. Courtney. Mr. Chairman, this letter is noted as having been 
transmitted, by copy, to the General Accounting Office, and I een 
ally transmitted a copy of it yesterday upon receipt to the General 
Accounting Office, who have no comment to make upon its contents. 

Mr. Chairman, that concludes the written record of the transaction 
which was discussed before the subcommittee by the General Account- 
ing Office representatives on March 29 and is, I believe, it is fair to say 
from the agreed statement of facts and the other data, all of the 
information, data, facts, and parenthetical conclusions, upon which 
the committee can consider any conclusions which it desires to express. 

Mr. Harpy. Mr. Chairman—— 

Mr. Héserr. Mr. Hardy. 

Mr. Harpy. I would just like to ask Mr. Courtney a question. I 
don’t. want to get into any discussion of the opinions expressed by the 
writer, but I would like to know concerning this listing of the con- 
tracts which is referred to in the last paragraph of the Boeing letter. 

Mr. Courtney. Yes. 

Mr. Harpy. As I recall it, there was considerable doubt that Boeing 
had in any event provided the subcommittee with information concern- 
ing this subeontract which enabled us to identify it. 

Now the contention is made that it was so recorded and we just 
didn’t find it out because there had been a juggling of contract num- 
bers. Now, isthat correct ? 

Mr. Courtney. Yes, that is admitted, Mr. Hardy. It is admitted 
that the contract was listed under what I will describe as the second 
of two contracts from B-47 wing sets—second in order of time and 
second in order of appearance—in the subcommittee record of the 
hearings. (Note: Hearing on Airport Costs and Profits, 84th Con- 
gress. ) 

Now, the purchase order, as you may recall from the statement of 
facts, that is the number of the purchasing order, which is the identi- 
fication mark, remains, however, the same in the agreed statement 
of facts. 

Now, let me amplify that a little further. This purchase order to 
which the reference has been made and upon which the excess profits 
were earned represents a great deal more in total dollars than the 
number listed in the subecommittee’s report. 

Mr. Harpy. Well, that is the question that bothered me. 

Mr. Courtney. In 1955. The amount reported, properly identi- 
fied by Air Force contract number and by what is admittedly the 
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same purchase order number, shows a total of—in round figures—$29 
million, in the hearing during the 84th Congress. 

Now, might I say, Mr. Chairman, and Mr. Hardy, of course, when 
we received this information from the General Accounting Office, we 
did check the printed record with the subcommittee, and upon advice 
that there had been this error we did refer it to the point at which a 
portion of the money referred to in the total of this contract was 
listed as a purchase order. 

Mr. Harpy. Let me make this further inquiry. Do I understand 
that Boeing actually listed both of these subcontracts with Ford? 
There were two subcontracts with Ford for these wing assemblies, 
weren’t there ? 

Mr. Courtney. No, there was one subcontract with Ford, which 
is a purchase order 

Mr. Harpy. How did we get two different contract numbers? 

Mr. Courtney. Those are two Air Force contracts, and these were 
wing set assemblies to be used, and I guess in fact were used 

Mr. Harpy. Actually, then, there was only one contract between 
Boeing and Ford ? 

Mr. Courtney. There was only one contract between Boeing and 
Ford. There were two contracts between Boeing and Air Force. 

Mr. Harpy. Then one contract between Boeing and Ford was to 
supply wing assemblies for two contracts between Boeing and the 
Air Force? 

Mr. Courtney. That is right. 

Mr. Harpy. Then. did Boeing in its reporting to the subcommittee, 
break down or indicate its subcontract with Ford with respect to both 
of those two Air Force contracts? 

Mr. Courtney. No, sir; only with one. 

Mr. Harpy. Did they show with respect to one, the total contract 
for both contracts? 

Mr. Courtney. No. 

Mr. Harpy. Then, the thing is still misleading. 

I am grieved, Mr. Chairman, when I see a company like Boeing 
come in here with opinions and basing ethical considerations on what 
seems to be legal technicalities. It just sort of causes me to lose 
faith in our whole system and faith in human nature. 

Mr. Hépert. Mr. Courtney, when you were reading from the Boeing 
letter, did you include the exhibits of the two newspaper articles 
in the record ? 

Mr. Courtney. I asked that they be included, Mr. Chairman. I 
did not read them into the record. I have them here. 

Mr. Heéserr. Of course, I have no inclination to defend or con- 
demn what conclusions anybody draws from a newspaper article. 

I think in fairness to the newspaper associations so named, that 
their articles should be made part of the record. 

Mr. Courtney. I have so requested, Mr. Chairman. I understood 
that the committee assented to it. 

Mr. Héserr. They speak for themselves. Personally I did look at 
them, and I see no misstatement of fact in either one of those two 
articles. 
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Mr. Courtney. Mr. Chairman, I don’t believe that even this Boemg 
letter; which I have just, read for the third time, claims that there is 
any error of fact _¢8 

Mr. Héserr. As reported by the two press associations. 

Mr. Courtney. As reported by either of these two very responsibie 
and very old news services. 

The complaint seems to be that the public got the wrong impression 
from the facts as reported and the committee is requested, I take it, to 
correct this false impression. 

Mr. Héserr. We would be sitting up here day in and day out, I 
think, and all the year around, if we were to try to correct impressions 
that the public gets from any statement, whether it is newspapers, 
radio, magazines or television. It is not our province. I just wanted 
the record to show that the committee and certainly myself 

Mr. Courtney. I think it is way beyond the legislative province. 

Mr. Hésert. If we try to have some thought control of the American 

ublic 
’ Mr. Harpy. Mr. Chairman, are we then in the position of even 
agreeing that there is any misrepresentation in these articles, although 
the fact may be correct, that there is any false impression created ¢ 

Personally, I don’t see any evidence of a false impression. 

Mr. Hénert. I don’t see any either. That is the reason I wanted it 
definitely understood that the articles shall be in there. 

This is merely an opinion expressed in a letter, and does not reflect 
the opinion of the committee. And also the committee is not even 
going to attempt to evaluate that opinion. 

Mr. Harpy. Frankly, I have a hard time seeing how in the world 
anybody could arrive at it, but if they did it is all ght with me. 

Mr. Gavin. Will the gentleman yield ¢ 

Mr. Hépserr. Yes; certainly. 

Mr. Gavin. I would suggest we go back to Mr. Boeing, and ask him 
what he is talking about—the Boeing Airplane Co. and ask what they 
are talking about, about this false impression should be corrected. 

Mr. Courtney. Mr. Gavin, if I may answer that question, I, of 
course, would have been responsible for doing that before we called 
this meeting, but on the fact of the record, and on the text of the letter, 
it appeared that the differences over whatever may exist with respect 
to the fact, and the impressions which flowed from them, are a con- 
troversy, if any, between the Boeing Airplane Co. and these two news 
services. 

Mr. Gavin. And what? 

Mr. Courtney. And the two news services. 

And perhaps the reading public of America, but in any event, they 
are certainly not the business of this submittee, in my considered view. 

Mr. Heserr. I just want to make one comment on the letter of 
Boeing, in two instances, and that is that it is perfectly apparent to me 
that instead of cooperating, Boeing on three different occasions resisted 
further discussions on the basis that the Air Force auditor was express- 
ing an opinion and not facts from the record. 

Boeing on those three different occasions did resist any attempt 
to renegotiate the contract, which was a renegotiable contract. 
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And another point I want to make—and I think in fairness and 
in justice to the Air Force—that certainly my mopresrnn during the 
original testimony was that the Air Force had done nothing about 
the matter. 

From this agreement of facts, it indicates that it was the Air Force 
representative who did initiate the suggestion that the contract be 
renegotiated, in view of the undue high profit. 

Mr. Courtwny. The suggestion was denominated an opinion, ap- 
parently, and not considered worthy of action. 

Mr. Heserr. That is correct. 

Mr. Gavin. Unless the committee doesn’t care to pursue the matter 
further, I don’t know why we don’t bring—have Mr. Clyde Skeen, 
controller of Boeing Airplane Co., come in here and let him explain 
these statements he is making here. They are going to be—let them 
come in here, and let them explain what they mean. 

Mr. Héserr. Of course, if we get into a controversy on every mat- 
ter as to what the American people think when they read newspaper 
accounts, we would be here forever. 

Mr. Harpy. Mr. Chairman, may I make this particular point ! 

Mr. Heserr. Yes. 

Mr. Harpy. Here is an opinion expressed by Boeing, an attempt 
to justify a position that is awfully tennous to say the very least. 

The American public can look at what they say and at the facts 
and judge for themselves. 

Mr. Héserr. That is right. 

Is that all, Mr. Courtney ¢ 

Mr. Courtney. That, Mr. Chairman, i would consider—unless you 
gentlemen care to hear from Mr. Skeen—I would consider a complete 
assembly of all of the facts related to this subject matter. 

Mr. Héperr. I see where nothing could be gained by any further 
examination of it, except to make the record that we made today. 
So we will consider this matter closed as it is. 

Mr. Covurrnry. Awaiting conclusions of the subcommittee. 

Mr. Chairman, that is all—this, of course, is a public matter and 
was discussed and therefore, the entire factual presentation has been 
made in public. 

Now, Mr. Chairman, we have two matters in executive session 
relating to prospective reports of the subcommittee. 

Mr. Héserr. The subcommittee shall go in executive session. 

(At 10:55 a. m., the subcommittee entered executive session.) 
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